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NOTICE 

Apple Computer Inc. reserves the right to make improvements in the 
product described in this manual at any time and without notice. 

DISCLAIMER OF ALL WARRANTIES AND LIABILITY 

APPLE COMPUTER INC MAKES NO WARRANTIES. EITHER 
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QUALITY, PERFORMANCE. MERCHANTABILITY. OR FITNESS FOR 
ANY PARTICULAR PURPOSE. APPLE COMPUTER INC SOFTWARE IS 
SOLD OR LICENSED "AS IS." THE ENTIRE RISK AS TO ITS QUALITY 
AND PERFORMANCE IS WITH THE BUYER. SHOULD THE 
PROGRAMS PROVE DEFECTIVE FOLLOWING THEIR PURCHASE. 
THE BUYER (AND NOT APPLE COMPUTER INC., ITS DISTRIBUTOR. 
OR ITS RETAILER) ASSUMES THE ENTIRE COST OF ALL 
NECESSARY SERVICING. REPAIR, OR CORRECTION AND ANY 
INCIDENTAL OR CONSEQUENTIAL DAMAGES IN NO EVENT WILL 
APPLE COMPUTER INC. BE LIABLE FOR DIRECT. INDIRECT. 
INCIDENTAL. OR CONSEQUENTIAL DAMAGES RESULTING FROM 
ANY DEFECT IN THE SOFTWARE. EVEN IF APPLE COMPUTER INC. 
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES 
SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION 
OF IMPLIED WARRANTIES OR LIABILITY FOR INCIDENTAL 
OR CONSEQUENTIAL DAMAGES. SO THE ABOVE LIMITATION 
OR EXCLUSION MAY NOT APPLY TO YOU. 

This manual is copyrighted. All rights are reserved. This document may 
not, in whole or part, be copied, photocopied, reproduced, translated or 
reduced lo any electronic medium or machine readable form without 
prior consent, in writing, from Apple Computer Inc. 

1979, 1981 by APPLE COMPUTER INC. 
10260 Bandley Drive 
Cupertino. Calilornia 95014 
(408) 996-1010 

The word Apple and the Apple Logo are registered trademarks ol 
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WARNING: This equipment has been certilied to comply with the limits 
for a Class B computing device, pursuant to Subpart J ol Part 15 of FCC 
Rules. Only peripherals (computer input/output devices, terminals, 
printers, etc.) cerlllied to comply with the Class B limits may be 
attached to this computer. Operation with non-certified peripherals 
is likely to result in interference to radio and TV reception. 
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INTRODUCTION 



This b I he liver Reference Manual for llM Apple II and Apple II Plus personal enmpulcfs Like 
ihc Apple itself, ihis book is j tool \s with ull tools, you should know i In lie annul il before 
you sl.it! lo use il. 

This bOok «ill not Midi you him id program II is .1 hook of facts. MM mcthiKls If you have 
jusl unpacked your Apple, or yew tlo not know how. In program in any of the languages available 
for il. then before you continue wilh ihis book, ic.ul one of ihc oihet manuals accompanying 
your Apple Depending upon which variciy of Apple you have purchased, you should have 
received one of ihc I ol lowing 

Apple II H\M< I'rouramminu Manual 

(pan numhei A2LO«05t 

Ihc Vpflcwfl l uli-rial 

(pan numhei \2\ 1 01 ■ 

Ihcsc are tutorial manuals for versions nl ihe BASIC language available on ihc Apple They also 
include complete instruction-! on selling up your Apple Ihc Bibliography ai ihc end ol Ihis 
manual lists ulhcr books which may interest you 

There are a fc* different varieties of Apples, and ihis manual applies lo all of them h is possible 
Ihai nomc of ihc Icutuics noted m this manual will nol be available on your particular Apple In 
places where this manual mentions features which are nol universal 10 all Apples, il will use a 
footnote to warn you of Ihcsc differences 

Ibis manual describes the Apple II computer and its purls and procedures There are sections on 
Ihc System Monitor, the inpul/oulnut decrees and then operation, ihc internal orgum/ulion of 
memory and mpul/oulpul devices, and ihe actual electronic design of the Apple itself. For infor- 
mation on any other Apple hardware or software product, please tefcr to the manual accompany- 
ing itial product 



RADIO AND TELEVISION INTERFERENCE 



The equipment described In this manual generates and uses radio 
frequency energy. If It la not initialled and used properly, that Is 
In strict accordance with our lnal ructions, it may cause Interference 
to radio and television reception. 

This equipment has been tested and compiles vlth the Units for a 
Class R computing device In accordance with the specifications In 
Subpart J of Part 15 of FCC rules. These rules are designed to 
provide reasonable protection against such Interference In a 
residential installation. However, there Is no guarantee that the 
interference will not occur In a particular installation. 

You can determine whether your computer Is causing Interference by 
turning It off. If the Interference stops. It was probably caused hy 
the computer. If your computer does cause Interference to radio or 
television reception, you can try to correct the Interference by 
using one or more of the following measures: 

- Turn the TV or radio antenna until the Interference stops. 

- Hove the computer to one side or the other of the TV or radio. 

- Hove the computer farther away from the TV or radio. 

- Plug the computer Into an outlet that la on a different circuit 
from the TV or radio. {That Is, make certain the computer and the TV 
or radio are on circuits controlled by different circuit breakers or 
fuses.) 

If necessary, you should consult your dealer or an experienced 
radio/television technician for additional suggestions. You may find 
the following booklet prepared by the Federal Communications 
Commission helpful: 

"How to Identify and Resolve Radio-TV Interference Problems" 



This booklet is available from the U.S. Government Printing Office, 
Washington, 291-92, Stock number W » 999 W3» 



CHAPTER 1 

APPROACHING YOUR APPLE 



2 THE POWER SUPPLY 

I THE MAIN BOARD 

4 1 ni MM. TO YOUR APPLE 

5 THE KEYBOARD 

6 READING THE KEYBOARD 

9 THE APPLE VIDEO DISPLAY 
■) THE VIDEO CONNECTOR 

10 EURAFPLE (JO HZ! MODIFICATION 

10 SCREEN FORMAT 

12 SCREEN MEMORY 

13 SCREEN PACES 

!> SCREEN SWITCHES 

14 THE TEXT MODE 

11 THE LOW.RESOLUTION GRAPHICS (LO-RE5I MODE 

II THE HIOH-RESOI imoN GRAPHICS IHI-RESI MODE 
10 OTHER INPUT/OUTPUT FEATURES 

20 THE SPEAKER 

22 THE CASSETTE INTERFACE 

23 THE GAME I/O CONNECTOR 
25 ANNUNCIATOR OUTPUTS 

24 ONE-BIT INPUTS 

24 ANALOG INPUTS 

25 STROBE OUTPUT 

25 VARIETIES OF APPLES 

25 AUTOSTART ROM / MONITOR ROM 

20 REVISION B / REVISION I BOARD 

27 POWER SUPPLY CHANGES 

27 THE APPLE II PLUS 



I 



For del ailed inlorirution on wiime up sour Apple, icfei to Chapter I of either the \ppl<- HANK 
I'fiitir Aiiimiim Manual Df I In Appli'sofl tutorial 



In this manual. jII directional instruiitons will refer lu Ihi* orientation: wilh ihc Apple's 
itpcwritcr-hkc kobo.ird fating >uu. 'front'' and "down" arc lowards ihc kobiurd. "hack" and 
"up" jrc u*u> Remove (he lid "I llM Apple h» p*>'n» up UN hack edge until il "pops", then 
pull •tuiithi hack on the ltd and ltd ii off 

this is what viiu will Bps 




Mam Board 



Photii I. Thr Apple II. 



THE POWER SUPPLY 

The metal ho* on ihc lefl side of ihc Intcflot is ihc Power Sunol). Il supplies; four \ollagc*. 
+ 5v, — 3.2*. * 1 1.8%. jotl -12 0* h is a hlgh-frcqucnc) "*w itching' *-iypc power supply, with 
nuny protective features lo ensure ihat there can he no imbalances between ihe different sup- 
plies the main power cord for Ihc computer plug* directly into the back of Ihe power supply 
Ihc ptm f tm switch i* also on Ihc power supply itself, m protect you and tour lingers fiom 
accidentally btw ahU pari of ihc high- voltage power supply eiteuil 
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1 10 volt mode) 1 10/220 volt model 



PM* 1- Tbt back of |W Apple Nmt Safely. 

THE MAIN BOARD 

I he large green prinlcd circuit hoard which Like* up mini of Ihc bottom of ihc MM i* the com- 
puict iiscll There arc two slightly different models of the Apple II main hoard ihc original 
(Revision fl) and the Revision I hoard The slight differences between Ihe two lie in ihc elec- 
tronics on ihc board The*: differences arc discussed throughout this hook A summary of the 
differences appears in Ihc section "Varieties of Apples" on page 25. 

On this board there arc ahoul ci|ihi> iniegrated circuits and a handful of other component. In 
Ihc cenicr of ihe hoard, just in front of ihe eight gold-tooitvcd edge connectors f'slois* *) at ihe 
rear of Ihc hoard, is an integrated circuit larger than all others. This is the brain of your Apple 

II K a Synenck/MOS Technology 65#2 microproccxsor In Ihc Apple, il runs at a rale of 
1, 02 3. 000 machine cycles per second and can do over live hundred thousand addition or subtrac- 
tion operations in one second It has an addressing range of 65.536 eighl-bit byics lis repertory 
includes 56 instructions with 13 addressing modes This microprocessor and olhcr versions of il 
ure used in many computers systems, as well as other types of electronic equipment 

Just below the microprocessor lire sjx sockets which may be tilled with from one io sis slightly 
smaller integrated circuits. These ICS are the Read-Only Memory (ROM) "chips" for ihe Apple 
They contain programs (or ihc Apple sshich are available the momeni you lurn on Ihe power 
Many programs arc available in ROM. including ihe Apple System Monitor, the Apple Aulnsian 
Monitor. Apple Integer BASK' and Applesoft II BASIC, and ihe Apple Pnmtanwitt \ Aolltl util- 
ity subroutine package Ihc number and conicnis of your Apple's ROMs depend upon whuh 
type of Apple you have, and the accessories > ou hjv *-' purchased 

Right helu* ihc ROMs and ihc central mounting nul is an area marked by a white square on Ihc 
houid which encloses twenty-four sockets for intcgraied circuits. Some or all of these may be 
filled with It's These arc the main Random Access Memory iRAMl "chips" for your Apple 
An Apple can hold 4.096 io 49.15? bylcs of RAM memory in these three rows of components 1 
fach tow can hold eighi ICs of cither the 4K or IbK variety A row must hold cighl of the same 

• Vmi c*a «twnd tour HAM memo u. MK to putthnin* *■ \vr*c UngiuM «.id. |wo «l -he Apr* 
I Siviem Iruri numhel ArtDXOf,! 
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type of monof] component, bul ihc iwn lypes can both he used m various eomhmaiion'. on 
■liltcrcnl rows In gn,c nine dilTcnrnt memory si/cs * The HAM mi'inun "> used in hold all of ihc 
piograms and data which you uie using dl any particular lime The ml omul ion Mured m KAM 
disappears when Ihc power is turned oil 

Ihc olher .ompuncnls on Ihc Apple II hojrd hjie various functions they eonirnl ihc 0i»» of 
informal n« from one pjrl of ihc computer to another, gather data from ihc outside wrirfd. or 
send information to you by displaying ii on a television screen or nuking 4 nmse on u speaker 

The eight lung peripheral sluts on ihc hack edge of ihc Apple's hoard can each hold peripheral 
card to allow ynu to e»lcnd your RAM or K(»M memory, or lo connect >our Apple in j printer or 
oihcr inpui/uuipul device These slots arc somclimcs called the Apple's "backplane" or 
■'mother hoard" 



TALKING TO YOUR APPLE 

Your link to your Apple is ji your fingertips Mmi programs and languages thai jre used with 
ihc Apple expect you lo talk to them through the Apple's keyboard Ii looks like a normal type- 
writer kc* board, except for some minor rcarrangemeni and a few special keys I .« a gunk 
review on the keyboard, we pages 6 through 12 in ihc Apple II HASH Pribram ml he Manual 
H pages > through II in Ihc Applesoft luforial 

Since you're talking wiih tour lingers, you might as well be hearing wilh your eyev The Apple 
will tell you what il is doing by displaying letters, numbers, symbols;, and sometimes colored 
blocks and lines on j black-and-white or color icleviuon *cl. 



* 1»( An*: II " tWvgntil "st hnM it* Ihk *nd Ihc lew tipcn.t.t Ik K VXI. llnaoci. due in ihc |fc*lci 

»>wa>tliit ■njFnlu.cd.-iTtxil ,he IMwlwpt. Arvfc "«•» s Un Mic. ihc ihk RAMs 
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THE KEYBOARD 



lln Apple kr> board 








Number Of Kcyv 


52 






( iKling 


Upper Cm ASCII 




Number nl code* 


91 






Ouipui 


Seven hil*. plus 


strobe 




i'nw ci requirements 


*5v at 120mA 
- I2\ M 50mA 








2kc> 






Special key* 


CTRI 
BSC 
RESET 
REIT 






Memory mapped location* 


He. 

Data SCMW 
Clear SC0I0 


Decimal 
41152 
■WI6K 


06384 
-Mb* 



Ihc Apple II ha* j buili-in 52-kcy typcwnlcr-likc keyboard which communicale* using ihe Amcr- 
Kiin Standard Code lor Information Imerehungc 'ASCII'*. Ninety-one of ihe % upper-case 
ASCII character, can be generated directly by ihe keyboard TaWc ? shim* ihe key* (in ihe key- 
board and their associated ASCII codes "Photo" J is a diagram of the keyboard 

Ihc keyboard is electrically connccicd lo the main circuit board by a Id-conductor cable wiih 
plugs at each end thai plug into standaid integrated circuit sockels One end of this cable is con- 
nected to the keyboard: the olher end plug* into ihc Apple board'* keyboard connector, near ihe 
very front edge of the hoard, undei the keyboard itself The electrical specification* for ihi* con- 
nector arc given on page 102 

Musi languages on ihe Apple ha*c ci-mnund* or siatcmeni* which allow >our program m accept 
input fiom ihc kcyhoaid quickly and easily (for example, the INPUT und tiFT statement* in 
HASIO However, youi program* can also lead Ihe kc)bnaid directly 



«il \SX II pgid used M ■'- Anpk- wtnullt 'u«- iheii high Wi <et I h>- n ihc umr •uml.inJ murk 



r a 





■■■■■■■■'■■■■'■■i'i'i'i'.'. 


1 




II 1 1 1 Mill 






1 - 


J 1 1 11 11111 







v y 



"Photo" .1. I hi* \ppii' k«» hoard. 



READING THE KEYBOARD 

The kc>bixinl sends seven bits of information which tojether form one character TfMM seven 
bits, along with another signal which indicate* when a key has been pressed, are available lei mmi 
programs a* the mnmilll of a memory location Programs CM read the current slate of the key- 
board bj reading the contents n( this location When you press a key on the keyboard, the value 
in thi\ location becomes 128 or greater, and the particular value il UWHWM iv the numeric code 
for the character which wa» typed. Table i on page B shows the ASCII character* and their asso- 
ciated numeric -.-odes The location will hold this one value until you press another key. or until 
youi program tells ihe memory location 10 forget the character it's holding 

Once your program has accepted and understood a keypress, it should tell the keyboard's memory 
location to "release" the character tt is holding and prepare to receive a new one. Your program 
can do this by referencing another memory location When you reference this other location, the 
value contained in the first location will drop below I2H. This value will stay low until you pies*, 
another key This action is called "clearing (he keyboard strobe". Your program can either read 
or write to the special memory location, the duta which are written to or read from thai location 
arc irrelevant It is the mere rtfirtmn to the location which cleats Ihe keyboard strobe Once you 
have cleared the keyboard strobe, you can still recover Ihe code for the key which was last 
pressed by adding I2B (hexadecimal SH0I to the value in the keyboard location 



: ihe special memory locations used by ihe keyboard. 



lihl. I k.. hoard Special I ovations 



1 ocalion 
He: 



Decimal 



Description 



S(ft¥ 491S2 -I63S4 Keyboard Data 



SCO It 49168 16.168 Clear Keyboard Strobe 



I Ik- HI si t key at the upper righl-hand corner does not generate an ASCII code, but instead iv 
directly connected to the microprocessor When ihis key is pressed, all processing slops When 
(he key i* released, the computer starts a reset cycle See page 36 for a description of the RESET 
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fUfKtio" 

The ( IKI . .mil [silin jkeys generate no code* hv themselves-, bui only alter the code* produced 
by oihcr key*. 

I hi RTPlj key, if pressed alone, produces a duplicate ol ihc last code that »j» generated IT you 
press and hold down ihc R 1 1" I ke> while >«u ate holding down a chirjcicr key. it will net il" 
>ou were pressing that key rcpcalcdly ji . rale o f 10 presses each second This repetition will 
cease when you release either the character key or laf.PT 1 

Ihc I'OvVTR hght 4i the lower left-hand corner is un indicator lump to show when the power Ifl 
(he Apple won. 



Tab le I: Kc .s and I'hcir \ss-xialrd A SCII Codes 





One 


( IKI 


SHUT 


Ihith 


ko 




1 IKI 


s 


|ln,H 


S(WC 


SAB 


SAB 


\\* 


. \l> 


RETURN 


S8D 


SMI 


$81) 


S.l) 


• 


SIW 


tm 


SM 


SB* 


G 


SI 7 


SI7 


SC7 


SI7 


1! 


SBI 


SBI 


SAI 


SAI 


II 


SC8 


s.. 


SC8 


SBS 


r 


SB? 


SBJ 


SA2 


SA2 


1 


sei 


SS9 


SC9 


SI9 


j» 


SBJ 


SB3 


SA3 


SAJ 


1 


SCA 


SUA 


SCA 


SIA 


4S 


SIM 


SB4 


SA4 


SSI 


K 


SCB 


SSB 


SCB 


SIB 


ft 


SB5 


SBS 


SAS 


SAS 


1 


sec 


S8C 


sec 


SIC 


M 


SBt> 


SB6 


SAf. 


SA6 


M 


SCO 


SID 


Sl>l) 


m 


r 


SB7 


SBI 


SA' 


SA7 


N* 


SCE 


SSI 


SDE 


S9E 


II 


SBK 


sin 


SAI 


ss« 


(I 


SCF 


s.l 


SCF 


SIF 


91 


SB9 


SB9 


SA9 


SA9 


I'- 


SDK 


S<M 


Sctl 


SM 




SBA 


>!! \ 


SAA 


s \ \ 


ll 


SDI 


Ml 


SDI 


S*l 


; + 


SBB 


SBB 


SAB 


SAB 


K 


SD2 


S92 


SD2 


S92 


,< 


SAC 


SAC- 


SBI 


SBC 


S 


SDJ 


193 


SDJ 


S91 




SAO 


SAD 


SHI) 


SBI) 


T 


SD4 


S94 


SD4 


S94 


> 


SAE 


SAE 


SBI 


SHI 


u 


SDS 


S9S 


SDS 


S9S 


It 


SAF 


SAF 


slil 


•III 


V 


SCHS 


196 


SM 


S96 


A 


SCI 


SSI 


SCI 


SSI 


w 


SD7 


197 


SD7 


S97 


B 


SC2 


M 


scj 


SS) 


X 


SDI 


191 


SDS 


S9S 


C 


SCJ 


S8J 


SCJ 


SS) 


V 


SD9 




SD9 


S99 


D 


SC4 


SI4 


SC4 


SS4 


z 


SDA 


S9A 


SDA 


S"S 


E 


SC5 


SIS 


SC5 


SIS 




su 


SM 


SSI 


S.s 


F 


SC6 


SM 


SC6 


SSI, 




S95 


S95 


S9S 


S9S 












ESC 


SIB 


59B 


S9B 


S9B 



All codes arc given in hexadecimal. To find the decimal equivalents, use Table 3 



Nhl, I ll„- SM I I Character Ski 



lll.XHH.ll 

Ik. 



:-•« " i> i'- -•*> ;« 

ss« in ja« sb» set sp» shi in 



/ 

1 si 

2 S2 
} S3 

4 S4 

5 SS 

6 $6 

7 $7 

8 S8 
4 $9 
!• SA 

11 SB 

12 SC 
IJ SD 
14 SE 
IS SF 




t* h , < l \ i l 

cr js - - M I ml 



> N n 
/ 7 O _ o rub 



Groups n( tVQ and Ihrcc lower SHI letters are abbreviations for standard ASCII control charac- 
ters. 

Nol ill (he character* lined in this uble can be rtenctaied by Ihe keyboard Specifically. Ihc ehar- 
aciets in the Iwo rightmost columns (Ihc lower case letters). Ihc symbols I licit square bracked. \ 
(backslashl. _ (underscore), and the control characters "fs". "us", and "rub", arc noi available 
on ihc Apple keyboard 

The decimal or hexadecimal value (or any characler in Ihe above (able is the sum at" (he decimal 
or hesadcetmal numbers appearing a! (he top of the column and (he left side ol ihc rosy in which 
Ihe characler appears 



THE APPLE VIDEO DISPLAY 



I he Apple Vidro QbptU 


Di splat line 


Memory mapped (mo system RAM 


Display modes: 


Ten, low -Resolution Graphics, 
High- Resolution Graphics 


Test capacity: 


960 characters 1 ?4 lines. 40 columns) 


Character type: 


S ■ ] dol mairis 


Character set 


Upper case ASCII. 64 characters 


( haractcr (nodes: 


Normal. Inverse. Hashing 


Graphics capacity: 


1 .92(1 Mocks (Low-KcsnluliM) 
in a 40 by 48 array 
53,760 dots Hligh-Resululion) 
in a 780 by 192 array 


Number of colors: 


In (Law-Resolution Graphics! 
ft I High -Resolution Graphics! 



THE VIDEO CONNECTOR 

In the right rear comer of the Apple II board, there is a metal connector marked "VIDEO" 
This connector allows you to attach a cable between the Apple and a closed-circuit video monitor 
One end of the connecting cable should have a male RCA phono jack to plug into the Apple, and 
the other end should have a connector compatible *»h the particular de*ke you are using The 
signal that comes out of this connector on the Apple is similar to an Electronic Industrie* Associ- 
ation (ElA)-standard. National Television Standards Committee INTSC I -compatible, positive 
composite color video signal The level of this signal can be adjusted from «ro to I volt peak by 
the small round potentiometer on the right edge of the board about three inches from the hack of 
the board 

A non- adjust able. 2 volts peak version of the same video signal is available In two other places 
on a single Mire-wrap pin* on the left side of the board about two inches from the back of the 
board, and on one pin of a group of four similar pins also on the left edge near the back of the 
board. The other three pins in this group arc connected to —5 volts. +12 volts, and ground. 
See page 97 for a full description of this auxiliary video connector 



• Ih.» p.i> » ma ptnent m Apple II wUcim -ut. Ihc Rc.iuon • huud 
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I'hnln S. Furapple <*« hi) Jumper I'ads. 



It Tcxl The Apple can display J4 tines of numbers, special symbols, and upper-ease letters 
with 40 nl these cUmrtOT on each line These characters are formed in j dot mains J doit 
high and S dot* wide There i* ■ one-dot wide MM on enhci «de or ihc character «nd j one- 
dot high spate 4b«ive each line 

2> (.ow-Rrsnlutlon r.ruphlcs The Apple can present 1. 920 colored squares in an array 4(1 
Mocks wide and 48 blocks high The color of each Mock can he selected from a sri or sixteen 
different color* There is no space between blocks, so 'in uny iwn adiaccni blocks of ihc 
same color look like a single. larger block 

3) Hh>h-Rvs»lutiiui l.rtiphirs The Apple can also display colored dots nn a malm 280 dots 
wide and I ^2 dots high Inc dots jrc the same si/c js the dots which nuke up the Tot chaf- 
actcr* There urc sit colors asuilablc in ihc High- Resolution Graphics mode black, white, red. 
bloc, green, and sinlcl * Vaeh dot on the screen can be either Muck, while, or a color, 
although not all colors arc usaitahle for cver> dot 

When the Apple is displaying a particular type of information on the screen, it is said to be in 
thai parltcular "mode" Thus, if you see words and numbers nn the screen, you can reasonably 
be assured that your Apple is in Tc*t mode Similarly, if ynu see a screen full of multicolored 
Mocks, your computer is probably in Low-Resolution Graphics mode You can also have a four- 
line •"captton" of tc»l al the bottom of either type of graphics screen These fou- lines replace 

* l. ii i : - •iih «...!. g huiiK. iheic »c turn hl*h. ■fcW ) |imi. and v-ilci 




I'huio 4. I li. \ idco ( ttnnwlors and Pnltnllonwier. 



EURAPPLE (50 HZ) MODIFICATION 

Your \pplc EH he modified |0 generate a video sign > 1 compatible with ihc COR slundard used 
in mum Furopcan counines To nuke ihis modification. )UM cut ihe 1*0 Xshupcd pad* on the 
ughi edge of ihc board aboui nine inches from ihc hack of ihe board, and wider together ihe 
three (>-shapcd pads in ihc same locations fsec pholo 5) You can ihcn connect ihe video eon- 
ncclnt ill your Apple m a Kumpcan standard closed-circuit black-and-white or color video mom* 
lot II >ou with. yuu cm obtjin a "fcurocolor" encodei to convcri the video signal mio a PAL or 
SICAM ■.■.!■.! color lelcuvion vignal vuilablc fat use with any European telcvivion receiver 
The encoder is a small printed circuit board which plugs mlo the nghlmmt peripheral viol (viol 7) 
in your Apple and connects lo ihe «nglc auxiliary video output pin. 



WARMNO. Thiv modification will to*d ihe warrant) on your Apple and require* 
ihc " ■ i. -II. H . i. id j diffcreni main crystal. Thtv modification iv nol for beginner*. 



SCREEN FORMAT 

Three difTerenl kinds of infoimaiion can be shown on ihe video display to which your Apple is 
connected 



iq 



the lower 8 lows of block* in Low- Resolution Graphics, leaving a 40 by 40 array In High- 
Resolution Graphic*, ihey replace ihe botiom 32 rows of dot*, leaving a 280 b* 160 maim You 
can use ihe*c "mised mode*" hi display lest and graphic* sunulUneously. bin there i» no *jy lo 
display both gr aphics mode* al the same lime 



SC REEN MEMORY 

The video display uses information in the system* RAM memory lo generate n* display The 
value of a single memory location controls Ihe appearance of a certain. fi«;e*I obrecl on the screen 
This ohioc! can be a character. two stacked ei>lored blocks, or a line of seven dots In leu and 
1 ow-Rcsnlution Graphics mt.de. an area of memory containing 1.024 locations ts used as the 
source ol the screen information Tcsl and I. ow. Resolution Graphics share this memory area In 
High- Resolution Graphics mode, a separate, larger area 18.192 locuiions* is needed because of 
the greater amount of information which is being displayed These area* of memory are usually 
called '■pages'* The urea reserved for High- Resolution Graphic* is sometime* called (he "pitlutc 
buffer" because n is commonly used lo store a picture or drawing 



SCREEN PAGES 

There are actually 'no area* from which each mode can dram its information The first area is 
called Ihe 'primary page" or "Page I" The second area is called the "secondary page" ot 
"Page 2" and is an area of Ihe same sue immediate!) fallowing Ihe first area. The secondary 
page is useful for storing pictures or lc*l which you want lo be able to display instantly A pro- 
gram can use the Iwo pages in pcrlorni jnimjiinn bv drawing on one page while displaying the 
other and suddenly flipping page* 

Tesi and low -Revlu lion Graphics share the same memory range lor the secondary page, just as 
they share the same lange for the primary pjgc Both mixed modes which were described above 
are also available on the *eeiindar> pane, bul there « no way to mis Ihe two pages on the same 
screen 





T.bk4: Vita 


l>,.pla, Mcmor, K 






Screen 


Pace 


Hum-. a 

lie. 


decimal 


1 „J> jl 




TcM/lo-Rc* Primary 


sua 


1(24 


S7FF 


2«JI 




Secondary 




mt 


SBI 1 


3*71 


Mi R,. 


Primary 


sim 


8192 


SJFFF 


16181 




Secondary 


- HUM 


11,314 


BSFFF 


24S75 



SCREEN SWITCHES 

The device* which decide between the various rmides. pages, and mises arc called "soft 
switches". They arc switches because ihey have t»n positions 'for cumple on or off. Ic»l or 
graphic*) and ihey arc called *'*ofl" because they are controlled by the soflwaic of the computer 
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A program CM "throw" a switch b> referencing ihc special memory location lor thai svviich The 
data which arc read from or written to ihc location jrc irrelevant, il i* ihe rf/m'nr "> nV addn-w 
nl ihc location which ihn.ws the Mlldl. 

I here arc cighl special mcmor> locations which control ihc selling of ihe soli switches lor ihc 
screen They are set up in pairs, when you reference one locution of ihe pair you turn lis 
corresponding m,»lc "on" ami lis companion mode "off" The pairs arc: 



Hex 


llcvini i 


Table 5: 


Screen Sod Switches 

DwwlHlniii 


M »5» 
Si K-l 


492.17 
49233 


-163*4 
-16313 


Display ■ GRAPHICS mode 
DitpUy TEXT mode. 


S. »*.' 
SI »5A 


492.14 
4(235 


-163(2 
163(1 


Display all TEXT of GRAPHICS. 
Mil TEXT and ■ GRAPHICS mode-' 


si r i 

SCI5! 


44236 
49M7 


I63M 
■16299 


Display Ihc Prim-iiv paec (Pace II 
Display ihc Secondary page IPaee 2). 


S<»56 
M US 7 


49238 
49719 


-16291 
-16297 


Display LORES GRAPHICS mode.* 
Ili.pl... Ill RPS GRAPHICS mode - 



Then are icn distinct combinations of these switches 



Table*: Serrrn Mirer 1 .imbinaliiins 


I'l.i.ui. Page Secondary Paec 


screen -.mice. 

All Teal SC»54 JCMl 


All Teal SCfSS SCtSI 


All Lo-Res SCt 54 SOB* 
Graphic. SCHS2 SCH'il 


All Lo-Res SCtSS SC1S6 
(,...ph..s SIP-.' Si B-il 


All Hi-Rcs SCIS4 SCtST 
Giaph.es Set*. 1 s( rl-l» 


Ml II. Kc- SI II" Si 
Graphics sills? Sills* 


Miaed Teal SC1M SC«56 
and Lo-Res ICM3 SC»S» 


Miaed leal Sc SI (v. 
and Lo-Res SC«S3 JC154I 


Miaed Teal SCTIS4 SC1S7 
and Hi- Res SCIS3 SCiS* 


Miaed Teal SCISS SCIST 
and Hi-Res SC»53 SCiS. 



(Those of you who arc learned m ihe ways Of hinaiy will Immediately cry out, "Where's ihc 
other si» M ". knowing: full well that wiih 4 two-way switches Ihetc are indeed MOWN possible 
combinations The answer to the mystery of ihe si* missing modes lies in ihc 
TEXT/GRAPHICS switch When the computer is m Tcxl mode, h can also be in one of six 
combinations of ihc In-Res/lli-Res graphics mode, "mm" mode, or page selection But since 
il'.- Apple it displaying lest, ihcse different graphics modes .ire invisible I 

Tn scl Ihc Apple into one nf these modes, a program needs only to refer to the addresses of ihc 
memory livations which correspond lo the swilches thai set thai mode. Machine language pro- 
grams should use the he ■.adetim.it addresses given above. BASIC programs should PfctK or 
POKI ihcir decimal equivalents (given in Table 5. "Screen Soli Swilches". abovcl. The 
switches may be thrown in any ufder: however, when switching inio one of ihc Graphic* modes, 
it <s helpful 10 throw ihe TEXT/GRAPHICS s\»ilch last All the other changes in mode will ihen 
lake place InvWU) behind the tcxl, wi that when the Graphics mode is set. the finished graphics 

■ Tl><-* nu-dc* Ait iml, >lwhlr il it* IMpl.i) liRAPtllCV' "iu* n 'on" 
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screen Jitpcjr* all at (Kiit 



THE TEXT MODE 

In the Text moilc. ihc Apple can display 24 lines ol ittHHfH v>nh up in -HI characters, on each 
line. Faeh character on Ihc screen represents the COOtgim of one memory location from the 

memory range of the page being displayed ihc B ha n c w set includes 'he 76 upper-case letters. 

Ihc ID digits, and 28 special Chancier* for a lol.il nf 64 characters The characters are formed in j 
llM matrix 5 dots wide and 7 dots high There is a onc-doi wide tpace on both sides id each 
character to separate adjacent characters and a one-dot high space above each hne nl iharaclerx in 
separate adjacent line The character* arc normall* lormcd with white dots on a dark back- 
ground, however, each character on the screen can also he displaced using dart dots on a while 
background or alternating between the two to produce a Hashing character When the Video 
is in Text mndc. Ihc video circuitry in the Apple turns off the color hurst signal M the 
television monitor, giving you a clearer black-and-white displa) 1 

The area of memory which is used (or the primary test page starts at location number 1*24 and 
extends to localion number 2*47 The secondary screen begins at location number 7*48 und 
extends up to location 307 1 In machine language, ihc primary page is from hexadecimal address 
S4M lo address UFR ihe secondary page is from S8M to SHI I hach of these pages is 1.024 
bytes, long Those of you intrepid enough to do the multiplication will realize that there arc only 
960 characters displayed on Ihe screen The remaining 64 bytes m each page which arc nol 
dixpluycd on the screen arc used as temporary storage locations hy programs stored in PK<>\| on 
Apple Intelligent Interface" peripheral boards Isce page H2> 

Photo 6 shows ihe sixly-fout characters available nn the Apple's siiccn 



eABCOEFGHIJKLMNO 
P0RSTUUMXYZCS3-- 
I ' I I S t ' ! >*♦.-./ 
6123456789' )< = >? 



Photo r>. The Apple ( haraclrr Sit. 



Table 7 gives Ihc decimal and hexadecimal codex for the 64 characters in normal, inverse, and 
Hashing display modes. 



■ This lr*un is nw prcsrni on Ihc RmUH • fcwid 



1 I 











I 


• 






-i 


v. 


« 






» 






V 


1 


A 


- 






- 










« 
















* 




1 












> 


* 




© * 






- 


> 


* 


k 


>- 
























• 




— 










- 


• 






V 


- 




- 


1 

i: 
- 
= 






| 
a 


s 


- 


© at 

< X 


ifl 
U 


o 


- 




* 


X 


- 


- 








Z 


z 








B 






— n 








« 




„ 


a- 






v 


1 


A 




st II : 






* 


I 




_. 


a 
















+ 










< 






t 


j 




O a: 








> 


* 




> 


N 




- 








r-' 
_^ 
-£= 






3 


I 


- 


< a 


U 


- 


— 




O 














Z 


z 


- 






3 

a 


3 
i 




. 


m 
a 


* 


(ft 

# 




r- 


m 

• 


- 




♦ 


V 


■ 

1 


A 


- 














O al 




t- 


_ 


> 






> 


N 




















1 


• 


< as 


U 


- 


LU 


u. 


□ 














z 


z 










c 


3 




a 












3. 




> 


* 














i 



































3 



X 



a 



lilliiillllliiSIiiliiili 
i§iiii§iiliiiiiiiiiiiii§ 



Figure 1 is a map Of ihc Apple* display tn Test mode. »"h I he memory locaiion addresses Im 
each character position nn ihc screen 



THE LOW-RESOLUTION GRAPHICS (LO RES) 
MODE 

In ihc low-Rcsolulion Graphics mode, ihc Apple prcscnis ihc contents of Ihc wmc 1,024 loca- 
iion* ol mcmofy a* is in ihc 1 est mode, but in ■ dilTcreni lormai In this mode, each h>lc of 
memory is displayed MM a» un ASCII character, bul as Iwo colored blocks, stacked one Lttflf. ihc 
OtlMr. The screen can MMHk an array of blocks 40 wide and 4K high l^ach block can be any Of 
sixteen cotorv ° n J M»Ck-*.d-while television set. Ihc color, appear as naltcms of grey and 
-hue dot* 

Since each byte tn ihc pane of memory for low-Resolution Graphics renrcsents two Weeks on ihe 
screen. Hacked vertically, each byte 1* divided imo two equal O Wli Od ti called < appropriately 
enough! "nybbles" Each nibble can hold a value from zero In IS. The value which is in the 
lower nybblc of ihc byte determines the color for ihc upper block of lhal byte on ihe screen, and 
the value which is in the upper nibble determines ihc color for the lower block on Ihe screen 
The colors are numbered zero in IS. ihuv 





T.hli- »: l o»-Rc»lu 


Inn l.iiplm 


. ( 1.1. 






Hct 


( . 


Dctinul 


II.. 


1 ..1 .1 
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S» 


Black 
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s« 


Bconn 
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SI 


Magcnu 
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IHjnge 
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s? 


liurk Blue 


ID 




Gicj ? 


3 


S3 


Purple 


II 


SB 


Pink 


4 


M 


Durk oraefl 


13 


sc 


liahl Green 


5 


SS 


Cilcy 1 


1.1 


so 


Velio. 


6 


s« 


Medium Blue 


14 


su 


Auujtnjnnc 


7 


S7 


1 ighl Blue 


IS 


SI 


While 



(CohMI may vary from television to television, particularly on Ihnse wilhoul hue controls Vou 
can adjust ihe i mi of the colors hi adjusting ihc C OLOR I RIM control on Ihe right edge of the 
Apple board.) 

So. a byM containing ihe hcvadcc'imal value SOS would appear on ihc screen as . brown block on 
lop of a yellow block t'sing decimal arithmetic, ihc color of ihe lower Nock is determined by 
the quotient of the value of the byte divided by 16. the color of the upper block is dciermincd by 
Ihe remainder 

figure ■ is a map of ihc Apple's display in Low-Resoluiion Graphics mode, wilh ihe memory 
location addresses lor each block on ihc screen 

Since Ihe low-Resolution Graphics screen displays Ihe same area in memory as is used for the 
Te*i screen, interesting things happen if you swiich beiween Ihe Te«l and l.ow-Rcsoluiion 
Graphics modes For csample. if ihc screen is m ihe low-Rtrsoluiion Graphics mode and is full 
of colored blocks, and then the TEXT/GRAPHICS screen switch is thrown tn the Tcsl mode, the 
screen will he filled with seemingly random tc\l eharaeiers. snmclimes inverse or flashing. Simi- 
larly, a screen lull of lc»l when viewed m Low-Rcsolulion Graphics mode appears as long hor- 
izontal grey. pink, green or yellow bars separated by randomly colored Nocks 



17 



liiilHIIIiillllililiill 
illliissililllliliiilill 



Flgurr 2. Map i>1 Ilk* l.o« -Resolution Craphu-. Mftt 
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THE HIGH-RESOLUTION GRAPHICS (HI-RES) 
MODE 



1 he Apple h,r\ a second lype ol graphic display, called lligh-Rcsiilulinn Graphics lor sometimes 
"lli-rot") When your Apple i* in the High-Resolution Graphics mode. M i-.in display 53.760 
dan hi j matrix 2K0 tint*, wide and I^J dots high The screen cm display black, while, viulei, 
green, red. and blue dots, allhouvh there are tome limilaltuns concerning (he color of trulivKlu.il 
dots 

The II.. Rt -I'll ■ .i Graphics mode lake* its data from an 8.192-bylc area of memory, usually 
called a 'picture buffer" Ihere are two separate picture buffers: one Ten ihc primary pace and 
one lor ihe secondary page Boih of ihcse buffers arc mdcpcndcni of and separate from Ihe 
memory area-, used lot Text and Low-Resolution Graphics The primary page picture buffer for 
the High-Rcvilution Graphics mode begin* at memory location number MI92 and extends up lo 
localion numbt't 163113; ihc secondary page picture buffer follows on ihe heels of the first ai 
memory location number I63K4, extending up lo locatHMi number 24575 for those of >ou with 
sixteen fingcis. ihc primary page reside* from S2MM lo SJH I and the secondary page follow* in 
succession || S-ltfM lo I5FFF. If your Apple is equipped with IbK ( 16.384 bytes) or leu of 
mcmorv ihM the secondary page is inaeecwble U >ou. if its memory vie is less than IbK. then 
Ihc entire High. Resolution Graphics mode is unavailable to you. 

I ach doi on the screen rcprcsenis one bu from Ihc picture buffer Seven of ihc eight bits in each 
byte afc displayed on ihe screen, with the remaining bil used to select Ihc colors of ihe dots in 
thai byic. forty byte* are displayed on each line of the screen. The leasi significant bit Hirst hill 
of ihc litsi byic in ihe line is displayed on ihe lefi edge of ihe screen, followed by the second bil. 
then ihe third, etc. fhe most significant (eighth! bit is not displuycd fhen follow* the lirsl bit 
of ihe next byte, and so on A total of 280 dots utc displayed on each ol the 192 lines of Ihc 
svteen 

On a black-and-white monitor or TV set. ihe dots whose corresponding bits aie "on" lor equal to 
I ) appear while, ihe dots whose corresponding bits arc "off"' or 'equal to (I appear black. On a 
color monitor or TV. it is not so simple. If a bit is "off", it* corresponding dot will always be 
black. If a bil is "on", however, us cofcM will depend upon the X»WM ,hil1 "" ,n * screen 
If the dm is m the leftmost column on the screen, called "column ■", or in any even-numbered 
lolumn. then it will appear violet If the dot is m the nghimosi column (column 2'9I oi any 
odd-numbered column, ihcn u will appeal green If iwo dots aic placed sidc-by-sidc. they will 
boih appear white If ihe undisnlaycd bn of a byte is turned on. ihcn the colors blue and red arc 
substituted lor violel and giccn. respectively * Thus, there are six colors available in the High- 
Resolution Graphics mode, subfect lo the following limitations 

I I Dots m even columns must be black, violet, or blue 
2> Dols m odd columns must be black, green, ni red 

3) Lach byic musl be cither a violcl/grccn b>tc or a blue/red byte It is not possible lo mn 
green and blue, green and red. violei and blue, or violet and red in Ihc same byte. 



* On Rrvitt-n I Apple board*, itii CghH rial mil Mi* arr uiuuiUMc and in< Mtnng nl itir ->»dih hii n ii 
irlrvim 
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41 Two colored ilols mile h> side always appear white, even if they -re tn different bytes 

St On t-uropcun-modilicd Apple*. these rule* apply hui Ihc color* generated in the High- 
Rcsoluiion Graphics mode may differ 

Figure 3 show* ihc Apple's display screen in High-Resolution GnpMci mode *nh ihe memory 
addresso of each line on (he screen 



OTHER INPUT/OUTPUT FEATURES 



Apple Input/Ouipui Haturos 

Inputs Cassciie Inpui 

Three One-bit Digital Inputs 
Four Analog Inputs 

Ouipuiv C'avxclte Output 
Built-in Speaker 
Tour "Annunciator" Outputs 
Utility Strobe Oulpui 



THE SPEAKER 

Inside the Apple's CM on ihe lefl side under the keyboard, is a small If ohm speaker ll n con- 
nected to Ihc inicrruil electronics of Ihc Apple so thiit a program can cause it to make various 
sounds 

The speaker is controlled h> a soil switch The switch can put Ihc paper cone of the speaker in 
iwo positions: "In" and "oul" This *of> switch is not like the sofl switches controlling the vari- 
ous video modes, but is instead u i«K>tle swiich Each time a program references the memory 
address associated wild ihe spe.ikct swit.h. ihc speaker will change state change Horn "in" to 
"out" or vice-versj Faeh lime the state Is changed, the speaker produces a liny "click" By 
icfcrcncing Ihc address uf the speaker switch frcyucnily and continuously, a program can gen- 
erate a steady tone from the speaker 

The soft switch for the speakci is associated with memory location number 49J(pJ An> reference 

10 this uddrcss lor ihc equivalent addresses -16336 or hexadecimal SC#3*t will cause the speaker 
lu emu a click. 

A pmgiam can "reference" the addicss of the special location for the speaker b* performing a 
"read" or "write' operation to that addicss The daia whuh are lead in wrinen arc irrelevani. as 

11 is the atklirw which thrown the switch Note that a "write" operation on the Apple's 65*0 
micriiprncc^vir actually performs a "read" before Ihc "wine", so that if you use a "write" 
operaimn to flip any sofl switch. w>u will actually thrnw ihal switch rwicr For toggle-type son 
switches, such as the speaker switch, this means that a "write" operation to the special location 
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controlling the swiich will leave ihc switch in ihc same Mate n Ml m before the operation was 
performed 



THE CASSETTE INTERFACE 

On ihe back edge of the Applet main board, on Ihc righi tide nut lo the \ 11)1 » i connector, ate 
two small black packages labelled "IN" and "(H I* Ihcsc are miniature phone lacks into which 
>i>u un pluK a cable which has a pair of miniature phono plugs on each end The other end of 
this cable cun be connected In a standard cassette lane recorder so that your Apple can use infor- 
mation on audtti cassette tape and read il back again 

The connector marked "OUT" u wired lo yel anolher sofl switch on the Apple board This is 
another toggle switch, like the speaker switch l*ec above* Ihe soli switch lor the caudle out* 
put plug can be toggled b> referencing memory location number 4*»I84 tor the equivalent -16352 
or hexadecimal SC020>. Referencing this location will make the voltage on the OUT connector 
swing from zero lo 25 millivolt* lone fortieth of a voltl. or return from 2S millivolts back to 
urn. If Ihc other end of ihc cable is plugged into the MICKOPIIONL input of a eusscllc tape 
recorder which is recording onto a tape, this will produce a lin> ■'click" on the recording. By 
referencing the memory location associated with the cassette output soft switch repeatedly and 
frequently, a program can produce a tone on the recording By varying the pilch and duration ol 
this tone, information may be encoded on a lapc and saved for later use Such ,i program lo 
encode data on a tape is included in the System Monitor and is described on page 46. 

Be forewarned thai if you attempt to llip the soft switch for the eauscltc output by writing lo its 
special lucalion. you will actually generate /ho "clicks" on the recording The reason for this is 
menitoned in the description of the speaker (above). You should only use "read" operations 
when toggling the cassette output soft switch. 

The other connector, marked "IN", can be used lo "listen" lo a cassette lapc recording Its 
main purpose is to provide a means of listening to tones on ihe tape, decoding them into data, 
and storing them in memory. Thus, a program or dala set which was stored on cassette tape may 
he lead hack in and used again. 

The input circuit lakes a I volt ( peak • I o- peak I signal from the casnctlc recorder's EARPHONE 
jack and converts it into a siring of ones and fcioc* tach lime the signal applied to the input 
circuit swings from positive to negative, or vtee-versa. the tnpul circuit changes state; if it was 
sending ones, n will sun sending zeroes, and sice versa A program can inspect the state of the 
cassette input circuit by looking at memory location number 44148 or Ihe equivalents -162B8 or 
hexadecimal SCAtfl If the value which is read from this location is greater than or equal to 128. 
then the stale is a "one", if ihe value in the memory locution is less than 128. then the stale is a 
"lent" Although BASIC programs can read the slate of ihe cassette mpul circuit, the speed of a 
BASIC program is usually much loo slow lo be able lu make any sense out of what it reads 
There is. however, a program in the System Monitor which will read Ihe tones on a cassette tape 
and decode ihcm This is described on page 47 
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THE GAME I/O CONNECTOR 



Ihc purpose (if ihc Game I/O connector is U allnw you lo connect special input and oulpui dev- 
ice* in hcighicn ihc eficct of programs in general, and specifically, game program* This connec- 
tor allows >ou lo conned ihrcc one -hn input*, four onc-bil oulputs. a data slrobc. and four una- 
Ing input* in the Apple, all of which can be controlled by your prr>*n»mv Supplied *iih your 
Apple i* a pair nl Game Controllers which arc connected lo cable* which plug into the Game I/O 
conncclor The i»i> rotary dial* Ofl ihe Controller* arc conncclcd 10 iwn analog input* on the 
Connector, the two pushbutton* are conncclcd lo two of the onc-tni input* 



The four nnc-hil oulpuls are called "annunciators" l-ach annuncialor outpul can be used a* an 
tnput to some oihcr clccironic device. 01 the annunciator oulpuls can be connected lo circuits lo 
drive lamps, relay*, speaker*, elc. 

Fdch annunciator is controlled h> a sofi switch The addresses of ihc sofi switches for ihc annun- 
ciators arc arranged inlo (our pairs, one pair for each annuncialor. If you reference the first 
address in I pair, you lum the outpul of tls corresponding annuncialor "off": If you reference the 
second address in the pair, ynu lum the annunciator's outpul "on" When an annunciator is 




I'hoio 7. Tfct (iamc I/O GMMrtor. 



ANNUNCIATOR OUTPUTS 
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"off". Ihc voltage on Us pin on the OMM I/O Connector i* near volts; when un unnunculor is 
"on", ihe voltage » neat 5 volts There Mt no mhereni means to deiermine :he current setting 
of an annunciaiot bit The annunciator soft swilehes ure 
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ONE-BIT INPUTS 

The three one-bn inputs can exh he connected la either another electronic device Of In a push- 
button YOU tan read Ihe Male of an> of the one-oil input* from a machine language or BASIC 
profram in the same manner a* you read Ihe CaiHcttc Input, above The lOO lU O M for ihe three 
onc-hil inputs have Ihe addresses 49249 through 49251 1 16287 through -16285 or hesadecimat 
IC06I through SC«63i 



ANALOG INPUTS 

The four analog mpuls can be connected to 150k Ohm variable rcsislnts ot potentiometers The 
variable resistance between each Input and the +5 volt supply is used in a one-shot liming cir- 
cuit. As Ihe resistance on an input vanes, ihe liming characteristic* of it* corresponding timing 
circuit change accordingly. Machine language programs can sense the changes In the liming loops 
and obtain a numerical value corresponding to the position of the potentiometer 

Before a program can start to read Ihc setting of a potentiometer, it must lirsl reset ihe timing 
circuits Location number 49264 1-16272 or hexadecimal SCfUl docs iusi ihis. When vou reset 
the timing circuits, ihe values contained in Ihe lour locations 49252 through 49255 1-16284 
Ihrough -16281 or SCH64 through >« ft become greater than 121 Itheir high bits arc set). 
Within 3.060 milliseconds, ihe values coniained in ihese four locations should drop below 128 
The euci lime it lakes lot each location to dtop in value is directly proportional lo the setting of 
the game paddle aMOCiatcd with thai location If Ihc poteniiomclcr* conned ed lo Ihe analog 
inputs have a greatei resistance than 1 50K Ohms, or there are no potcnhomelcrs connected, then 
the values in ihe game controller locations may- never drop to tew. 
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STROBE OUTPUT 



I here is an 4,1.1 ml uulpul. ( flj|t STKOBI -Huh in normally wil(\ hul will drop In 

/cm voll* Tor a duration of one-hall miernwimd under the control of j machine language or 

BASK" program YOU ran iiig*c( ihts "•.imhc" by referring to lOGMfOB number 4M2I6 (-16)20 or 
SC'WH Be mtC lhal if you perform a "write" operation W ttm location, you (rigger the 
Wrobc Mtf (sec | dewiipimn of I Mi phenomenon in ihe *eumn on the Spenkcrl 



labl. Id: lnp.il/OutpulSiHvinl l»cafi»n<. 
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VARIETIES OE APPLES 

There arc 4 few canalion* on the Itufe Apple II computer. Some of ihe larultnns arc rcvmiMi* 
or madMcHioni of the computet itself, other* ure change* 10 us operating software Thc*c arc 
ihe basic variations 



AUTOSTART ROM / MONITOR ROM 

All Apple II Plus Sssierm include ihe AuloMart Moo. lor ROM All oilier Apple sysicnu do noi contain 
Ihe Auio-sian ROM. hul instead base ihe Apple Syviem Monitor ROM Thic scrsjon of ihe BOH 
lacls v-mc of Ihe Icaiures prevent in the Auliwlart ROM. hut also ha. *omc features »hieh arc not 
prevent m lhal ROM The mam dil.ercnces in the I wo ROM* are l»ied on ihe IoMm naprs. 
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• Ml I ina Con Irak The ESC- 1. J. K. and M sequences, which mine the cursor up. left. right, 
and down, respectively, iitc nm available in the Old Monilnt ROM 



• Slop-I isl The Stop-List feature (invoked hi j (TBI vl. which .ill*'** you to introduce .1 
pause into the outpm of Hi BASIC of machine language programs or listings, is not available 
<n 1 he Ok) Moniloi ROM 

• Thl RESET cycle When you first tuin on your Apple ur press J_ES» I|. the Old Monitor 
ROM will send you directly into ihe Apple System Momior. instead of initiating a warm M 
Mid start as described in "The RESET Cycle" on page JtY 

The Old Monilor ROM docs, however, support ihe Sil l' ..ml I R At I debusing Tenures "i ihe 
Syvlcm Monilor. described on page M The Aulnstarl ROM does noi rccngni/c ihcsc Monilor 
commands. 



REVISION M / REVISION 1 BOARD 

The Revision Apple II board locks a few features found on (he current Revision I version of 
the Apple II main board To determine which version of the main board is in youi Apple, open 
the case and look ai the upper right-hand corner of the board Compare what you sec 10 Pholo 4 
on page lit If your Apple docs not have the single metal video connector pin between the four- 
pin video connector and Ihc video adjusimem potentiometer, then you have a Revision Apple 

Ihe differences between the Revision and Revision I Apples arc summarized below 

• Color Mller. When ihc Apple's Video Display is in Tc*l mode. Ihe Revision Apple board 
leaves the color burst signal active on the video output circuit. This causes tcu characters to 
appear linled or with cnluicd fringes 

• Powtr-on RESET. Revision Apple hoards have no circuit to auioni.ili.jlly inmate 1 KLM.T 
cycle when you turn the power on Instead, you must press [RESET J once in starl using your 
Apple. 

Also, when you turn on the power to an Apple with a Revision board, the keyboard will 
become active, as if you had typed a random character When ihc Apple starts looking for 
input, it will accept this r andom character^ as if you had typed it In order In erase this charac- 
ter, you should press [TtllTAl aft" you [RESET 1 your Apple when you turn on its power. 

• t oliirs in IMgh-Rrsolulion (.raphlcs. Apples with Revision hoards can generate only four 
colors in the High-Resolution Graphics mode black, white, violet, and green The high bit of 
each byte displayed on the Hi-Rcs screen (see page I9i is ignored. 

• 24k Mflmoij Map problem. Systems with a Revision Apple II board which contain 30K or 
?4K bytes or RAM memory appear to BASIC to have more memory than they actually do 
See "Memory Organization", page '2. for a description of this problem 

• 5» 11/ Apples. Ihc Revision Apple II board docs not have the pads and jumpers which you 
can cut and solder 10 convert the VIDEO OUT signal of your Apple to conform to ihe Euro- 
pean PAL/SECAM lelcvision siandard It also lacks the third VIDEO connector, ihe single 
metal pin in front of the four-pin video connector 
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• Speaker and Cassette Interference Ofl Kppka with Revision H boards, any sound generated 
h> ihc internal speaker will .Un appear a* a signal on ihc Cassette Interface's OUT connector 
II yail leave ihe tape recorder in RM ORI> mode, then any sound gencialcd by (he micrnal 
speaker will also appear on ihc tape recording 

• Cassrlle Inpul. The inpul circuit lor ihc Cawlte Interface has been modified so lhal it will 
topond with more accuracy «<> a weaker inpul signal 



POWER SUPPLY CHANGES 

In addition. wine Apples have a vcmon of ihc Apple Power Supply which will accept only a 1 10 
soli power line input These are are nut equipped with the voltage selccun twitch on the back of 
the supply 



THE APPLE II PLUS 

lln: Apple II Plus is a standard Apple II computer with a Revision I board, an AWMtHI Moni- 
tor ROM. and the Applesoft II BASIC language in ROM in lieu of Apple Integer BASIC Euro- 
pean model* of the Apple II Plus are equipped with a 110/220 volt power supply The Apple 
Mini- Assembler, the Hoatmg- Point Package, and the SWfcbT-16 Inicrprctcr, stored in the 
Integer BASIC ROMs, arc not available on Ihc Apple II Plus. 



27 




21 



CHAPTER Z 
CONVERSATION 



APPLE 



JO STANDARD OUTPUT 

30 niE stop-list 1 1 Arimi: 

Jl BUT Son, WHAT LIGHT THROUGH YONDER WINDOW BREAKS' 

(OR. THE TIM WINDOWl 

JJ SEEING IT Al l- IN RLACK AND WHITE 

JJ STANDARD INPUT 

JJ RDKEY 

JJ OETt.N 

34 ES( API: CODES 

N till RESET CYCLE 

M W TIKI ART ROM RESET 

y AUtcrai ART ROM SPECIAL LOCATION5 

in "01 D MONITOR" ROM RESET 



Almost every program and language r>n ihc Apple need* some sort of input from the keyboard, 
and wmc way to print infonrulion on ihc screen There » I set of subroutine* stored in ihc 
Apple'* ROM memory which handle mmi of the standard input and output from nil programs 
and language* on the Apple 

The subroutine* in ihc Apple'* ROM which perform these input and output function* are called 
by vanou* name* Thc*c name* were given to Ihe subroutines by iheir author* when they were 
written The Apple itself docs not recognize or remember the name* of II* own machine 
language subroutine*, but it'* convenient for u* to call these subroutine* by their given name*. 



STANDARD OUTPUT 

The standard output subroutine i* called COUT. COUT will display upper-case letters, number*, 
and symbol* nn the screen in cither Normal or Inverse mode It will ignore control character* 
e*ccpt RETURN, the bell character, the hne feed character, and the backspace character 

The COLT subroutine maintains its own invisible "output cursor"" (the position at which the 
next character is to be placed) tacit lime COUT is called, it places one character on the *crccn 
at the current cursor position, replacing whatever character was there, and move* ihc cursor one 
space to the right If Ihc cursor is bumped off the righi edge ol the screen, then COUT shifts ihc 
cursor down lo ihc fust position on the neat line If the cursor posses 'he bottom line of ihc 
screen, the screen "scroll*" up one line and the cursor is scl to the first position on the newt) 
blank bottom line. 

When a RETURN character is sent to COUT, it moves the cursor to Ihc first position of ihe ne*t 
line. If Ihe cursor falls off the bottom of the screen, the screen scroll* as described above. 



THE STOP-LIST FEATURE 

When any program or language send s a RETU RN code lu COUT. COUT will take a quick peek at 
ihc keyboard If you have typed a [('TBI._s] since the last time COUT looked at the keyboard, 
then it will stop and wail for you to press another key This is called the Siop-Lnt feature." 
When you press another key. COUT will thco output ihe RETURN code and proceed with nor- 

mal output Ihc code of Ihc to -huh hiu press In end ih„- Stuo l iM mode i- ignored unlcsi it 
is a iCTRl t'| If it is, then COUT passes this character code back lo the program or language 
which tv sending ouipui This allows you lo Icrminaic a BASIC program or listing by typing 

(fill ('] while you are in Stop-List mode 

A line feed character causes COUT lo move its mythical output cursor down one line without any 
horiiontal motion at all A* always, moving beyond the bottom of the screen causes the screen 
to scroll and the cursor remains at its same position on a fresh bottom line. 

A backspace character moves the imaginary cursor one space lo the left. If Ihc cursor is bumped 
off the left edge. H ts reset to ihe rightmost position on the previous line If there is no previous 
line <if the cursor was ai the top of ihe screen!, (he screen does not scroll downwards, but instead 

- TV Smpdvi fount is not pirwni on Apfrin wkImmii ihe Auu-un ROM 
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Ihc cursor '» placed again al the righimusi position on ihe lop tine of ihc screen 



When COITT it sent a "beM" character (CTRL G*. 11 Joes not change the RM al nil, but 
instead produces a tone from the speaker The lone has a frequency of I00H/ and last!, foi 
1 /IQlh of a second. The output cursor does not move for a bell character 



BUT SOFT, WHAT LIGHT THROUGH YONDER 
WINDOW BREAKS! 

(OR, THE TEXT WINDOW) 

In ihc above discussions of the vinous muttons of the output cursor, the «orus ""ihi". "lefl", 
"lop", and "bottom" mean the physical right, lefl. lop, and boitom of the standard 40-characicr 
wide by 24-lmc tall screen. Thcfc is. however, a way to tell the COUT subroutine thai you want 
il to use only a section of the screen, and not the entire %0-churacter display This segregated 
section ol Ihc text screen i* called a "window" A program in language can set the positions of 
Ihe top. boitom. lefl side, and wtdlh of ihe texi window by storing those positions in four loca- 
tion* in memory. When this is done, ihe COLT subroutine will use the new positions to calcu- 
late Ihe siie of ihe screen It will never print any lest oulside of Ihts window, and when il must 
scroll ihe screen, il will only scroll Ihc test within ihc window This gites programs the power la 
control the placemen! of text, und to protect areas of Ihe screen from being overwritten with new 
lent. 

Location number 32 Ihciadccima) m memory holds the column position of (he leftmost 
column in ihe window This position is normally position f for Ihc cstremc left side of the 
screen This number should never c sited 39 Ihcudcctmal S27>. the leftmost column on ihe 
let! screen location number 33 (hcsodccimal $21 > holds Ihc widih. in columns, of the cursor 
window. This number is normally 4$ l hcsodccimal S2ft> for a full 40-characlcr screen. Be care- 
ful that the sum of ihc window width and the leftmost window position docs nnl exceed 40' II n 
does, il is possible for COUT to place characters in memory locations not on the screen, 
endangering vnur programs and data. 

Location 34 Ihcsadccirnal S22» contains the number of the top line of the lest window This is 
also normally •. indicating the topmost line of the display Location 35 (heiadecirruil S23> holds 
the number of the botltrm line of the screen (plus one), thus normally 24 (heiadecirrul SIS) for 
the bollommosl line of ihc screen When you change ihe te*l window, you should take care that 
you know the whereabouts of ihe output cursor, and that II will be inside the new window 
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SEEING IT ALL IN BLACK AND WHITE 



The COUT subroutine has the power lo print what's sent 10 it in either Normal of Inverse lew 
mode* (see pa|c 14) The particular form of iu output I* determined by Ihc contents of location 
number 51 (hexadecimal S32I If ihis location contains the value 155 (hexadecimal SIT 1 then 
COUT will print character* in Nofmal mode: if the value » 63 (hexadccial 53F). then COUT will 
present u* display in Inverse mode Note ihji ihi* mode change only affect* ihc characters 
printed alter Ihe change has been made Other valuer when Mored in location 5#. do unusual 
things: the value 127 prinu letter* in Mashing mode, but all other character* in Inverse; any 
other value in location 5# will cause COUT to ignore some or all of us normal character set 



tablf i: Niirmal/lnirrsi- I .liilrol \ alutv 

\aluc lff,M 
Decimal Hex 


355 IFF 


t (ll 1 will display characters in Nornul mode 


63 SJF 


COUT will display characters in Inverse mode 


127 S7F 


COUT will display tetters in Flashing mode, all 
other character* in Inverse mode 



The Normal/ Inverse "mask" location, as it is called, works by performing a logical "AND" 
belwecn the bits contained in location it and the bit* in each outgoing character code Every bit 
in location 5w which u a logical "/cro" will force the corresponding bit in the character code lo 
become "rcio" also, regardless of its former selling. Thu*. when location 5* contains 63 'hexa- 
decimal $39 or binary Ml 1 1 1 1 1), the top two bits of every output character code will be turned 
"ofT' This will place character* on the screen whose codes ate all between and 63 As you 
can see fiom the ASCII Screen Character Code table (Table 7 on page 151. all of these characters 
are in Inverse mode 



STANDARD INPUT 

Iherc are actually two subroutines which are concerned with the gathering of standard input. 
RDKEV, which fetches a single keystroke from the keyboard, and GfcTLN. which accumulaies a 
number of keystrokes into a chunk of inftHmation called an tnpui line. 



RDKEY 

The primary function of the RDKEV subroutine is to wan for the user to press a key on the key- 
board, and then report back to the program which called n with the code for Use key which was 
pressed bu< while il docs ihi*. RDKEY also perfutms twn other helpful tasks 

I) twui Pnimpiint When RDKEY is activated. Ihe first thing it does is make visible the hid- 
den outpui cursor This accomplishes two things- it reminds Ihe user that the Apple is waiting 
for a key lo be pressed, and it also associates the input it wants with a particular place on the 
screen In most cases, the input prompt appears near a word or phrase describing what is being 
requested by the particular program or language currently in use The input cursor itself is a 
(lashing representation of whatever character was at the position of the output cursor Usually 
this is the blank character, so the input cursor most often appears to he a (lashing square. 
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Whni ihc uki presse* a key. RDKFY dutifully remom ihc input cursor and rciurm ihe 
value of ihe key which wo* pressed to ihe program which requcsicd 11 Remember thai ihe 
output cuisnr is just a position on Ihe screen, bul ihc input curwt is a IMHB| character on ihe 
screen They usually move in undent and arc rarely separated from etch other, bul when ihc 
input lurstir disappears. Ihe output cursor it slill active 

21. Romh'H Sumbet Seeding While it wails for the user to pres.* a key. RDKEY is continually 
adding I io a pair <i( numbers in memory. When a key it finally pre»ed. these two locution* 
together represcnl a number from t lo 65,535. ihc ciact value of which it quite unpredictable 
M.m> programt and languages use this number at ihc bate of a random number generator 
The Iwo locations which ore randomised during RDKEY arc number* ~" and 79 thcsadconul 
S4L and MP) 



GETLN 



The vatl majorily of inpul lo Ihe Apple is gathered into chunks called input l-net The subrnulinc 
in the Apple's ROM called OETLN request* an input line from the keyboard, and after gelling 
one. reiurns lo ihc program which called ii GETLN ha* many features and nuances, and n it 
good to be familiar with Ihe services it offers 

When called. GETLN first prims a ptompnn/r charotier, or "prompl" The prompt helps you to 
identify which program has called GETLN requeuing input A prompt character of an asterisk 
'•I represents Ihe Syslem Monitor, a right carci (>) indicates Apple Integer BASIC, a right 
bracket 'It is ihe prompl for Applesoft II BASIC, and an esclamalion point (!) is ihe hallmark of 
the Apple Mini- Assembler In addition, the question-mark prompl (?) is used by many programt 
and languages lo indicate lhai a user program Is requesting input From your Ithe user's) point 
of view, the Apple simply prints a prompt and displays an input cursor As you type, the charac- 
tc rs you t ype are printed on ihc screen and the cursor moves accordingly When you press 
HI ft R\ . the entire line i* xrni "IT to the program or language you are talking lo, and you gel 
anothei prompt 

Actually, whai really happens n thai afier ihe prompt is printed. GETLN callt RDKEY. which 
ditpUyt an input cursor When RDKEY return* with a keycode. GETLN stores thai kcycode in 
an input buffer and print* 11 on the scr een »hcie ihe input cursor was Ii ihcn calls RDKEY again 
This continues until ihc user presses ft ETC UN 1 . When GETLN receives a RETURN code from 
ihe keyboard, n slicks ihe RETURN code ai ihe end of ihc input buffer, clears ihe remainder of 
ihe screen line the input cursor was on. and tends the RETURN code to COLT (sec above) 
GETLN ihen returns to the program which called il The program or language which requested 
inpul may now look at Ihc enure line, all at once, as saved in ihe input buffer 

Al any imic while you arc lipirtg a line. }nu -an line j I TBI \ ana «.inicl ilut entire line 
GETLN will simply forget everylhing you have typed, print a backslash f\l, skip lo a new line, 
and display another prompt, allowing you to retype the line. Also, GETLN can handle a nuu- 
imum of 755 characters in a line If you eicced this limn. GETLN will cancel ihc entire line and 
you musl start over. To warn you that you arc approaching the limn, GETLN will sound a lone 
every keypress starting with ihc 249th character 

GETLN also allows you lo edii and modify the line you are typing in order to correct simple 
typographical errors A qutck introduction lo Ihc standard editing functions and the use of ihe 
two arrow keys. Q and Q. appeari on pages, 21-29 and 53-55 of ihc Apple 1 1 BASK Program- 
mine Manual, or on pages 27-21. 52-53 and Appendix C of The Applesoft Tutorial, ai least one 
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of which you should have received Merc is a short description of GETLN's editing features: 
Tilt BACKSPACE (Q) KEY 

Each press of ihe backspace key nuke* GETLN "forget" one previous character in ihc input line 
ll also sends a backspace character in GOUT (sec above), making ihc cursor move back to the 
character which was deleted Al ihM polni. a character typed on ihc keyboard will replace ihc 
delcicd character boih on ihe screen and in ihe inpui line Multiple backspace* will delcie succes- 
sive characters, however, if you backspace over more character* ihan >nu have typed, GETLN 
will forget Ihc entire line and issue anoihcr prompt 

THE RETYPE <0> KEY 

Pressing the retype key has exactly the same effect as typing the character which it under the cur- 
sor This is efttrcmly useful foe re-entering the remainder of a line which you have backspaced 
over to correct a typographical error In conjunction with purr rwrior mm*.* (which follow), it fa 
alto useful for recopytng and cdmng data which is already on the screen. 



ESCAPE CODES 

When you press the key marked ( j»C ] on ihe keyboard, the Apple - * input *ubtoulincs go into 
nmpr made In this mode, eleven keys have separate meanings, called "escape codes" When 
you press one nf these eleven keys, the Apple will perform ihe function associated wnh >-<>. key. 
Afler il has performed Ihe function. Ihc Apple will eilher continue or lerminalc escape mode, 
depending upon which escape code was performed. If you press any key in escape mode which is 
not an escape code, (hen tnal keypress will be ignored and escape mode will be terminated 

The Apple reeogmies eleven escape codes, eight of which are purr cursor wwies. which simply 
move the cursor without altering ihc screen or the input line, and three of which are srrrm clear 
cmfrt, which simply Mank pari or all of ihe screen. All of the screen clear codes and the first Tour 
pure cursor moves (escape codes <P. A. It, C, D, E, and F> terminate the escape mode afler 
operating The final four escape codes (I. K, M. and Jl complete their functions with escape 
mode active." 



iESCi K) A press of the (ESCJ key followed by a press of the [a] key will move ihe cursor one space 
to the right without changing ihe input line This is useful for skipping over unwanted 
characters in an input line simply backspace back over ihc unwanted characters, press 
S5C| 5) to skip each offending symbol, and use the retype key to ic-enicr (he remainder 
of the line. 



U5£j[B Pressing |ESCj followed by 5) moves Ihe cursor hack one space, also without disturbing 
the inpui line This may be used to enter something iwice on the same line wiihout 
retyping n ,iuw type it .-nit. pre** Jsc" [Bj rcpealcdl* lo gel hack to the beginning of the 
phrase, and use ihc retype key to enter il again 



* The. tow ihk n*ta ne ni* iviUahk on Apota ••ihoui ihc Auimiwi Mirnit... ROM 
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JSC S rh « key sequence [ ESC] [c] moves ibe cursor one line directly down, with no horizontal 
movement. If (he cur** reaches ihe boiiom of the te*t window, then the cursor 
remain* on ihe boiiom lin e and ihe MM in ihe window molli up one line The inpui 
line i* not modified h> ihe FM J ;Vj sequence I his. and KM. . I> (below I. d rc useful for 
positioning Ihe cursor al ihe beginning of another line on ihe screen, so lhal il may be 
re-entered with the reiype key. 



Ifac] [51 The JjtCl [Dj sequence moves ihe cursor directly up one line, again without any hon/on- 
lal movement. If the cursor reaches the top of Ihe window. It slays there The input 
line remains unmodified This sequence is useful for moving ihe cursor to a previous 
line on the screen so that it may be re-entered with the retype key. 



IBS El Tte ( KC i 10 sequence is called "clear to end of line" When COIT delects ihn 
wquence of keypresses, u clears ihe remainder of (he Krcen line <"•" the input line') 
from the cursor position to Ihe right edge of th e teat window The cursor remain* 
where it u. and ihe input line is unmodified. | ESC) (E) always clean ihe rest of the line to 
blank spaces, regardless of ihe setting of the Normal/In verne mode location (see nbovel 



[ESt [ J; This sequence is called "clear lo end of screen". It does iusl lhai il clear* everything in 
the window below or to the right of the cursor As before, the cursor docs not move 
and Ihe inpul line is not modified This ts useful for erasing random garbage on a elul- 
lered screen after a lot of cursor moves and editing 



I15CI 9] The UJKJ SO sequence is called "home and clear" H clears Ihe entire window and 
place* the cursor in the upper left-hand comer The screen i* cleared to blank spaces, 
regardless of Ihe selling o f the Nor mal/Inverse location, and Ihe input line is not 
changed tnole thai "|gl" is [SHIFT I'D . 



j) These four escape codes are synonym* for Ihe four pure cursor move* given above 
T When these four escape codes finish Iheir respective function*. Ihey do Mf turn ofl the 
)) escape mode: you can continue lypmg ihc*e e*capc code* and moving the cursor around 
f the wreen until you press any key other than another escape code These four keys are 
placed in a "directional keypad" arrangement. *a that the direction of each key from the 
center of the keypad corresponds lo ihe direction which lhai escape code move* ihe cur- 
*or. 



> 

♦ 

I 



Figure 4. Cursor-motinc F. scape Codes. 
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THE RESET CYCLE 



When you turn your Apple"* power milch on* or ores* and release the [RESET Key. ihc Apple's 
oSM microprocessor initiate* a KtStT cycle. I( begin* by iumpinf into a subroutine in ihc 
Apple's Monilor ROM In ihc two different versions of ihi* ROM. ihe Monitor ROM and ihc 
Autosun ROM. ihc RESET cycle does very different things 



AUTOSTART ROM RESET 

Apple* with Ihc Autostart ROM begin their RESET cycle* by Hipping ihc soft switches which 
control Ihc video screen lo display the full primary page of Text mode, wiih Low-Rcsolulion 
Graphics mued mode lurking behind the veil of tcxi li then open* the text window to iu full 
st/c. drops the output Nfgfll to the bottom of the screen, and set* Normal video mode Then it 
sets the COUT and KEVIN switches to use ihc Apple'* internal keyboard and video display at the 
standard input and output devices II flips annunciator* • and I ON and annunciators 2 and 3 
OFF on the Game I/O connector, clears the keyboard strobe, turns off any active I/O Expansion 
KOM fscc page M), and sounds a "beep!". 

These actions arc performed every time you press and release the [R ESET] !■) on your Apple At 
this point, the Autosun ROM peeks into two special location* in memory to see if it's been 
RESET before or if the Apple has jusi been powered up (these special location* are described 
below! if the Apple has just been lurried on. then the Autostart ROM perform* a "cold Mart", 
otherwise, n docs a "worm start". 

IKe-U SftBrl On a freshly activated Apple, the RESET cycle continues by clearing ihc screen 
and displaying "APPLE II" lop and center It then sets up ihc special locations in memory to 
tell itself that n's been powered up and RESET Then it sums looking through the rightmosi 
seven slots in your Apple's backplane, looking for a Disk II Controller Card It start* Ihc 
search with Slot 7 and continues down to Slol I. If il find* a disk controller card, then <i 
proceeds to bootstrap the Apple Lhsk Operating System IDOSI from ihc diskette in the disk 
drive alloched to the controller card It discovered You can find a description of ihc disk 
boolstrupping procedure in Do's and Iten'l* of DOS. Apple part number AJL0OI 2. page 1 1 

If Ihc Autostart ROM cannot And a Disk II controller card, or you press ( BESET I again before 
ihe disk booting procedure has completed, then the RESET cycle will continue with a 
"lukewarm start" It will iniluU/e and jump into the language which is installed in ROM on 
your Apple For a Revision • Apple, eilher without an Applesoft II Firmware caid or with 
such a card with its controlling *»nch in the DOWN position, the Autostart ROM will »tart 
Apple Integer BASIC For Apple II-PIus systems, or Revision i Apple lis wilh the Applesoft 
II Firmware card with the switch in the UP position, ihe Auioslurt ROM will begin Applesoft 
II Floating- Point BASIC. 

21 Warm Start If you have an Auto*lart ROM which has already performed a cold *lart cycle, 
then each lime you press and release ihc Sf^SX] key. you will be returned to ihe language 
you were using, with your program and variable* mud 



• Poro-on HBB .Mlei hM« m Hcvtwon I Apple, or Hivi-nn • Applet ><■« ■< Itml one Dn*. II iun- 
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AUTOSTART ROM SPECIAL LOCATIONS 



The three "special location*'' used by the Autostart RUM all reside in an tic* of RAM memory 
reserved for such syitcm (unctions Following it h uMc of the special locations used by the 
Autostart ROM 



Ubk I V suloslarl KOM special Locations 


Location 
Decimal 


Hn 


GommHb 


Kit 


$JH 


Soli 1 run Volet Ihoc 1*0 lo'jiion- conhiin 


Illl 


SJFJ 


the addteu of ihe recnliy point fot whatever 
language is in use Notmally contain* SI.M3 


H1J 


SIM 


Power-Up Bvte Normally contain* WS. See 
below 


MJ67 
■ lli.'H 


SF86F 


This is ihe beginning of a nuchine Language 
subroutine -huh scls up Ihc power-up Imjiinn 



When ihe Apple is powered up. (he AutoM.tr! ROM places a special value in ihe power-up Ion- 
lion I -ms value is Ihc fcxdusivc-OR ol Ihc value contained in location l#) I with ihc conslanl 
value 165 For ciamplc. if location Ifll I contains 224 Hit normal value), ihcn ihe power-up 
value will be: 

Dodmal Ho Binary 

Location Ifll 224 SEI ltlMMI 
Comuni 165 SA5 HlWIil 

Power-Up Value 69 $45 •IIMltl 
Your program* can change Ihc soil entry vector, so thai when you prow ftESfef] you will go lo 
some program other than a language If you change ihi* soft eniry veclor. however, you should 
make sure that you sei the value of ihe power-up hyie lo the Exclusive-OR of the high pari nf 
your new soft entry vector with the constant decimal 165 (hexadecimal $A5) If you do not set 
this po»er-up value, ihcn ihc nt>i time you press JU.NH"! ihe Auiosun ROM will believe that 
the Apple has just been turned on and it will do another cold sun. 

Foi example, yo u can ch ange ihe voft entry vector lo point to the Apple System Monitor, so that 
when >nii press 5- , '*' , T^ you •ill he placed mio the Monilor lo make this change, you must 
place ihe address of the beginning of the Monilor Into the two soft entry vector locations Ihc 
Monilor begins at location II I '■'< or decimal 65385 Put the last two hexadecimal digita of Ihb 
address (£6°) into location S3F2 and the Ural two digits (SFF) into location VI I If you arc 
working in decimal, put 105 (which is the remainder of 65385/2561 Into location 101V and the 
value 255 (which >s the integer quotient of 653BS/256> into location 101 1 

Now you must *et up Ihe power-up location There is a machine -language subroutine in Ihe 
Autostart ROM which wtl automatically set the value of ihis locoiion lo the Exclusive-OR men- 
tioned above Al you need to do is lo execute a JSR (Jump to SuhRoutnve) instruction to the 
addicss *FB6F If you aie working in BASK", you should perform ■ CALL -1169 Now every- 
thing is set. and ihe next time you press jjlEsKT]. > ou will cnier ihe System Monitor 

lo nuke ihe (jtLSf'Tj kc> <-i>rk in its usual way. just restive the values in the sod entry vector to 
their former values iSfWi. or decimal 573471 and again call the subroutine described above. 
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"OLD MONITOR" ROM RESET 

A RESET cycle in the Apple II Monitor ROM begins by selling Si.ui.il video moilc. n lull screen 
of Primary Pa|( tc»i wilh the Color Graphic* mixed mode behind il. fully-opened icvl window, 
and the Apple's slamLird keyboard and video screen as ihc standard inpui and output devices II 
sound* a "beep 1 ", the curior leapa to ine botiom line of the uncleared te*l screen, and you find 
yourself facing an uilemk (•) prompt and talking to the Apple Sytilem Monitor 



n 
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19 



Buried Jeep wilhin the rccc**c* pf ihc Applet RDM it a masterful program wiled the System 
MumiiH It *cls M both a supervisor of the system and a tlavc lo il; II control* all program* and 
all pngnna use k, You tan u*c the powerful failure* of ihc System Monitor 10 discover the 
hidden secret*' in all 65.536 memory location* trim ihc Monitor. you may look at one, some, 
or ill location*, you may change the content* ol" any location, you can write pnptW in Machine 
and Assembly language* to be executed dircclly by the Apple'* microprocessor, you can save vasi 
tjuantitm of data and program* onto cassette tape and read ihem buck in again: you can mn«c 
jnd compare thousand* ol byte* of mcmor> with a single command, and you can leave ihc Mom- 
tor and enter any other program or language on the Apple 



ENTERING THE MONITOR 

The Apple System Monitor program begin* at location number Sl-Hil (decimal 65385 ur — 15)1 
in memory To enter the Monitor. you or ynur BASIC program can {'All. ihi* location The 
Moniior'* prompl (an asterisk [•]) will appear on ihc left edge of the *crccn. with a flushing cur- 
sor lo il* nghl The Moniu-r accepl* standard inpul line* (see nogc 3?» iusl like any other *>*tem 
or language on the Apple II will nm take am ait ion until you pre** Ht I.I it V Your input line* 
lo ihe Monitor may be up lo 255 character* in length When you have finished your *lay in the 
Moniior. you can return to ihe language you were previously using nv unmn * 'HI ' KM I R> 
in, H ,ih ih L \pii1i-IH>Y i li I V. HVIT_i_N_j>. nr*imply press [rISM " 



ADDRESSES AND DATA 

Talking lo the Moniior i* *omcwhal like talking in an>_ other program M language on ihc Apple 
you lypc a line on the keyboard, followed by a JtFtl RNJ. and the Monitor will digest -hat you 
typed and act according Id iboM instruction* You will be giving the Monitor three lypc* of 
information addn-wcy MftM* and fttMMMh Addrewcs and value* arc given to the Monitor in 
hexadecimal notation Hexadecimal notation use* the icn decimal digit* <B-9» lo represent Ihcm- 
gfJVBl and the first su letter* 1 A-F) lo represent ihe number* 10 through 15 A tingle hewdc- 
nmal digit can. therefore, have line of *i»lcen value* from lo 15. A pa'' of he* digit* can 
a**ume any value from lo 255. and a group of four he* digits can denote any number f rom 11 to 
65.536 It mi happen* thai any address in the Apple can he represented by four he* dtgns. and 
any value by M he* digit* Tht* is how you icll the Monitor about addresses and values When 
the Mnnilin is looking for an address, it will take any group of hex digits If there ure fewer lhan 
four digit* in (he group, il will prepend leading /crocs, if ihcrc arc more than four hen digit*, the 
Moniior will Iruncate the group and use only the lavl four hc» digits II follows ihe same pro- 
cedure when looking for twsi-dtgil data values 

Ihc Monitor rceogni/e* 22 different command characters. Some of these are punctuation mark*, 
olhers are uppcr-ca.se letier* or control characters. In the following section*, the full name of a 
command will appear in capital letter*. The Monitor needs only the first letter of the command 
name Some command-* arc invoked with control character* You should note lhal although the 
Monitor recognize* and interpret* these character*, a control character lypcd on an inpul line will 
MM appear on the screen 



l liwdocn." Wt i-i "iin"*" it* S-Imm-o ROM 
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1 he Monitor icmcmbcni the jddrcsscs nl up In live locations Two of these ore special they arc 
the addresses ol ihc lost location whose value you inquired about, and (he location which is next 
to have its value . *■ in'. d these are called ihc lau opem*f Ami/mo ind ihc wm thangnjN* 

f»>» The usefulness of these Km MMmH will be revealed shortly. 



EXAMINING THE CONTENTS OF MEMORY 

When you i>|«c the MttOB ol * location in merrutt> alone on an inpui tine 10 the Monitor, n will 
replj* with (he address you typed, n dii»h. u space, and the value" coniaincd m ihut location. 

ihu*: 

•em 

Elfff- 



loch time the Monitor displays the value contained in a location, tl remember* that location av 
the tow «v*w</ hKaifi" For technical reasons, it also considers that location as the w» i luwtt'- 
atlr Uuaifw 



EXAMINING SOME MORE MEMORY 

If you type a period t ) on .in input line lo the Monitor, followed hy jn address. Ihc Monitor will 
display a mrmon- i/ump ihe values contained in all locations from the Uisi opened location to ihc 
localiun whi.se address you typed following Ihc period. The Monilor then considers the last loci- 
lion displayed to be both the last opened location and Ihe nctl changeable locution 



• In (Ot ctjnsptcv )imi mmcs ,, r „, n ,mn»l i>p» .ml ihc \ppk <<l*x> m 

" Id* valun peininl wi ihnc rumMo <tu> flitlci fmm ihc valuer ilnpfaitcd tn uiui Apple Int \Ht umc in 

tltUlUWI 



• It 

tut- tt 

• 2B 



**2\- 


2* 


|| 


1 N 


IF 


•C 


|| 


1 1 




IfZI- 


A8 


|| 


DM 


• 7 










• Iff 


















|3ff- 


'1 '1 
















• 315 


















8 g 1 - 


B9 


1 1 


18 


t» \ 


f \ 


lA 


99 




».!«- 


|« 


IN 


( | 


M 


i * 


\<> 


If 


A9 


■ II*- 


19 


85 


27 


\i> 


cc 


13 






• 32A 


















131 f- 


85 


41 














131 S- 


84 


|| 


H \ 


4A 


4A 


4A 


4A 


19 


fjjf- 


CI 


85 


'1 


A9 


5D 


85 


II 


21 


I.UH- 


43 


• 3 


21 













You should nonce several things about the formal rrf a memory dump. First, the first line in ihc 
dump begins with ihc address of ihe location foUawint ihc lasi opened locl l OD ; second, all other 
lines bcinn with addresses which end alternately in /crocs and eight*, and third, there are never 
mote than eight values displayed on a single line in a memory dump. When ihc Monilor docs a 
memory dump, ti Maris hy displaying Ihe address and value of the location following Ihc last 
opened location li ihcn proceeds to the ne»i successive location in memory' If ihe address of 
that location ends in an 8 or a I, the Monilor will "cut" lo a new line and display Ihe address of 
lhal location and coniinue displaying values. Aflcr it has displayed the value of the locution 
whose address you specified, it stops the memory dump and sets ihc address of both Ihe lust 
opened and the nctl changcublc location to be the address of Ihe las) locution in Ihe dump If 
die address specified on the inpul line is less than the address of the last opened locution, the 
Monitor will display Ihc address and value of only the location following ihe last opened location 

You can combine the two commands (opening and dumping) into one operation by concatenating 
Ihe second to the firsl. that ts. type Ihe lirsi address, followed by a period and the second address 
This I wo- addresses- separated -by -a -period form is culled a MtMwy rante. 



■ stt : 


I1F 
















• >»•- 


99 


B9 




• 8 


•A 


• A 


• A 


99 




»« 


■1 


c» 


at 


F4 


At 


.'II 


\9 


•jii- 


#9 


15 


11 


Mi 


CC 


ts 


•5 


41 


im- 


84 


4. 


»\ 


4A 


'V 


4A 


4A 


19 


ISlt- 


( » 


(S 


3F 


A» 


5D 


85 


11 


11 


».12»- 
.)» 41 


43 

1 


« 1 


It 


46 


• 3 


AS 


tl) 


ill 


• a \t- 


AA 


tl 


FF 


AA 


»5 


< : 


IS 


C2 


■131- 


IB 


HI 


Dt 


IS 


H 


.« 


41 




tttt- 


St 
















• E»1 S 


E«2S 
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ttlH- A9 21 C5 24 II- HI \1 HI) 

Al :» ta HI \1 



EXAMINING STILL MORE MEMORY 

A single press ill the HI U RN kct "ill cause Ihc Monitor lo respond *tth one line of a memory 
(lump, that is. a memory dump fiom Ihc locution following Ihc taxi opened location lo Ihc ncxl 
eight-location "cut" lime again. Ihc last location displayed is considered Ihc lull opened and 
ncxi changeable locution 



a, 

. Ill II ux 

tt it 
■ »' " 



• 12 

»«.i2- rr 

• KM I H\ 

\\ II i; «c , ; 

• HI II N S 

■•Jt- IH II) IX 13 Jl tt 3F It 



CHANGING THE CONTENTS OF A LOCATION 



You've heard nil about the 'next changeable locution", now you're going to use it Type a 
colon followed by a value 

•• 

• mill- •« 

•:5K 

Prcsto' Ihc contents tif the next changeable location have lust been changed ta the value you 
lyped Check this by examining that location again 

• mm- si 
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You can alto combine opening jnd changing into one operation 
•3*2 42 
•3D? 

IH2- 42 

When you change Ihc content* ol a location, the old value which win contained in thai location 
disappears, never lo he seen again The new value will Mick around until it n replaced by anolhcr 
heuucclmal value 



CHANGING THE CONTENTS OF 
CONSECUTIVE LOCATIONS 

Vou lAwTihtivc 10 type an address, a colon . a value and Pfc" Jtm UN lor c»h mil even loca 
lion you wish » clungc. The Monitor will allow you lo change 'he value* of up io eighty-live 
locations at a lime by typing only the initial address and colon, and then all the values separated 
by spaces The Monitor will duly hie the consecutive value* tn consecutive local tuns, starlinit at 
Ihc ne»t changeable location After it has processed the string of values, it will assume that ihc 
location following the last changed location ■■■ the next changeable location. Thus, you can con- 
tinue changing consecutive locations without breaking stride on the nc»i input line by typing 
another colon and more values 

• 3M.69 01 2# LI> KD 4C* * 3 
•]«• 

DM- 69 
•BUI UN 
HI 2$ HI) I'll 4( UK HI 

•11:1 I 2 1 

• 4 5 6 7 
•It. 17 

DlMV- gg «l 02 9} H4 |S ft A -■ 



MOVING A RANGE OF MEMORY 

You can ireal a range o( memory (specified b> two addresses separated by a period! as an entity 
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unlit itself and move it from one place IS I B fll hM in memory by using the Monitor's MOVb 
command In order to move I range of memory from one plate io another, the Monitor musi be 
told hoih where ihc range is situated in memory and where il is to be MftVL Vou five ibis 
intormation to ihc Monilor in three parts the address of the dUtiUMiori of ihc range, the 
address Of the first iKfffcM m the range proper, and the address of the last locution in the r.mgc 
Vou specify ihe starting and ending addresses of the range in the normal fashion, by scrwraiing 
them wnh a period Vou indicate that ihis range iv In he placed somewhere else by separating the 
range and Ifie destination address with a left caret (<). Finally, you tell the Monitor ihui you 
•ml in move the range lo the destination by typing ihc letter M. for "MOVE", The final com- 
mand looks like litis 

(destination) < Islartl (end) M 

When you type ihH hoc to ihe Monitor, of course, the word* in curl) brackets should be replaced 
by hexadecimal .Kldresscs and ihe spaces should be omitted Here arc some real examples of 
memory move* 



9*99- SP • $ »? DO KM 
MUX- MH H« 99 g# (in HH OK OH 

•199 -\t 8I» 29 FI) HI \* 4S |i\ ID 4( 99 _* 



»(»- W HI) 19 Ml Ft) \% 45 - 
H -* H K— DA II) *K 99 91 

»9<i»9 SKM 



MM- \<* XII •» II) M> \* 45 Z9 
999*- DA HI 41 99 9 > 

•31t<I AM 



9119- DA 1 11 41 

>2<T.9M 



MM- \i mi DA ID \9 45 19 
999H- DA H) 4t 99 91 



Ihe Moniim simply nukes a copy of the indicated range and moves it to the specified destina- 
tion Ihe original range I* lefi undisturbed (he Monitor remembers the lasi loeuiion in the ori- 
ginal runge as ihe lasl opened location, and the first location in the original range as the next 
changeable location If the second address in the range specificalion is less than the first, ihen 
only one value Hhai of the lirw location in the range' "III be moved. 

11 iHc desnnation addrev. of the MOVf command is inside ihe original range, then strange and 
(sometimes) wonderful thing* happen ihe loealions between ihe beginning of (he range and the 
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dcMinalinn are ircatcd a* a sub-range and ihc nines tn ihis sub-tungc are replicated throughout 
Ihe original range See "Special Tricks", pane 55. Inr an inicresling application of (his feature 



COMPARING TWO RANGES OF MEMORY 

You can use the Monitor to compare iwn ranges of memory using much the same formal as you 
use to move a range of memory from one place In another In fact, the VERIFY command can 
be uscJ immediately after a MOVE io make sure thai ihe move was successful. 

Iv VERIFY command, like ihc MOVE command, need* a ran^c and a dcslinalion In short- 
hand: 

(destination! < (siurtl lend] V 

Trie Monitor compares Ihc range specified wilh the range beginning al Ihe detonation address If 
there is uny discrepancy. <he Monitor displays the address al which the difference was found and 
ihc two ollcnding values 

•■:D7 F2 E9 F4 F4 ES EE Ai E2 VI *.• C3 C4 CS 

•9VKI DM 
>3«KI m 

■6E4 

• 3 B*< * l)Y 

*»« ■ i i (EE) 



Nome lhat the VERIFY command, il n finds j discrepancy . displays ihc address of the locution 
in ihe original range whme value ditTcn from its counterpart in ihe dcstmaiiun tange If Ihere is 
no discrepant}. VERIFY displays nolhmg (i leaves bolh ranges unchanged The last opened and 
nesl changeable locations are scl nisi as in Ihc MOVE command. As before, if the ending 
address of ihe range is less lhan (he starling address, ihc values of only ihe first local mm in ihe 
ranges wilt be compared VERIFY also docs unusual things if ihc destination is wilhin the origi- 
nal range, see "Special Tricks", page 5S. 



SAVING A RANGE OF MEMORY ON TAPE 

The Monitor bus iwo special commands which allow you lo save a range of memory onlo eassetie 
tape and recall it again for laier use The first of Ihesc two commands. WRITE, lets you save the 
conicnis of one lo 65.5.1h memory locations on standard cassette tape 

To save a range of memory U lapc. give Ihe Monitor ihc starting and ending addresses of the 
range, followed by ihe letter W <for WRITE) 



Jr. 



Kuril [cndl W 



I o get an accuraic recotding. you should pot the tunc recorder in mwJ mode be fore you prew 
Hill R\ nn ihc input line I ci lane run J few second'., then puss hi urn I he Monitor 
•ill wiitc j ten- tecum) "leader" tone onto the tape, followed hy ihc daia When the Monitor ■ 
finished, it will sound a '"bMpT and give you tinoiher prompl You should then rewind the tape, 
jnd label the la|ie wnh something tnlelligihle about the memory range that'* on the lane and what 
||*| impHDd I" be 

•9,ff FF AI) Cfl XX I>0 04 ( r> HI tfl >8 C 
A I* l h Ah «• 4C *? *t» 6» 

H 

PVIIll- I r II \l» .t* CM ** DK «4 
i d ill i- IX CA Ml i Kb 

H H 11 112 f.H 

■ | I4W 



li lakes about 35 --ramds total In save Ihe V4lue* of 4.0% memory location* preceded h> ihc 
lcn-*ccond leader onto tape TM> works out lit t speed n( about 1.350 bit* per second, average 
Ihe VVR1TI command write* one cslru value on ihc tape afier n ha* wrillen the value* in Ihc 
mcnuiry range This cvlra value i» Ihc cAMbW ll is the pjriiul sum nf all value* in ihc range 
The RFAD subroutine uses this value to determine if a RFAO ha* been succcmIuI (sec below I 



READING A RANGE FROM TAPE 

Once niu'vc saved a memory range omn tape with the Monitor'* WRITF command, you can 
ie*l ihal memory range back into ihc Apple h> using ihe Monitor's RF'Al) command The data 
value* which you've stored on ihc lane need not be read hack Inio the name memory range from 
whence ihey came, you can tell ihe Monitor to put those value* inio any similarly w/cd memory 
range in ihc Apple's mcmor> 

The formal of ihe KFAl) command is the same a* that of ihc WRITF command, except that Ihc 
command letter i* R, noi W 

I start I lend) R 



Once again, alter typing the command, don't press Kl.ll_KNj Instead, siari the tape recorder in 
PI. AY mode and wall for ihc tape's nonmagnetic leader lo nu» by. Although ihc WRITE com- 
mand puts a icn-sccond leader lone on the beginning of ihe lapc. Ihc RLAU command needs 
only three second* of Ihi* leader in order to lock o n lo ihe frequency So you should let a few 
seconds <rf unc go by before you pick* [BetCBN) . to alio* Ihe tunc recorder"* oulput |Q settle 
down to a steady lone. 

• HMMMIMMMMin 
* * I 
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After ihe Monitor ha* read in and slurcd nil ihc valuer nn ihc Uipc. ti read* in ihc extra eheck- 

sum vjIuc m nnura ihc checksum on ihc tape to In own checksum, and ii the iwo differ, the 

Monitor beep* the sneaker and display* "IlRR" This warns vim ihul ihc re wu* a pnihlcm during 
ihc READ and ih.it ihe value* stored in memory aren't ihc value* which were recorded on ihc 
Lipc If. however, ihc iwo checksum* mulch, ihc Monilor will give you anolrict prompt 



CREATING AND RUNNING MACHINE 
LANGUAGE PROGRAMS 

Machine language i* certainly ihe most clticicni language on ihc Apple, albeit the le^st pleasant tn 
which lo code The Monitor hjs special facilities for those of you who arc determined to use 
machine I-i n gu.igc to simplify crculing. writing. <iikI debugging machine language programs 

You can write a machine language program, take ihc hexadecimal valuer for the opcodes und 
operands, and Hon ihcm in memory using the command* covered above You CM gel a hexade- 
cimal dump of *oui progrum, move it around in memory, or m it to lapc and recall it again 
simply by u*mg the command* you've already learned the mosl Important command, however, 
when dealing with machine language program* is the CK) command When you open a location 
from the Monitor and type the letter G. ihc Monitor will cause Ihe 6M2 microprocessor lo start 
executing Ihc machine language program which begins ai the last opened locution The Monitor 
treats ihis program as u subiouiine when it's finished, all H need do is execute an RIS (reium 
from subroutine) mslruclion and control will be irunsferrcd back lo the Monilor. 

Your machine language programs can call many subroutines in ihc Monitor lo do various things 
Mere is an example of loading and running a machine language program lo display the letters A 
through / 

»3fll \* CI 2* LD FD 18 69 I C9 DB D* F6 61 

of i sic 

111*- \V ( I 21 BO HI IN 69 II 
MM- ( » 1)11 1)1 tb - - 

MM IHM.Hl JklMMH-yRMl WWW 



(The instruction set of the Apple's 651? microprocessor is listed in Appendix A ol ihis manual I 
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Now. siuijihi hexadecimal null- i*«'l ihe easiest thing in ihc world 10 tcad M debug. Wuh Ihi* m 
mind, the creams of ihc Apple's Monitor neatly included j command In list machine language 
iiiogiam* in ifwnM' Umtuatr form This means lhal mslcad of having one. two. or ihree byte* 
of unlormaiied hexadecimal gibberish pet in-nruetion you now have a ihrcc-lciier mnemonic and 
some linnwllcd hexadecimal gihhemh lo comprehend for each Instruction The LIST command 
10 ihc Mnnilor will lUTI at ihc ^ncVificU Incalton and display ■ scrccillull IP) lines! of insiruc- 
lion*: 
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H l II H - 


v< 


I 1 


IDA 


»S('I 


!3flZ~ 




H) M> 


JSK 


irocD 


131 5— 


■ * 
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u i> < 
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MM 


JfS4l 




Cf 


mi 


I Ml' 


;; SDH 


" ■ - A— 


hit 


) f 


IIM 


If 313 


|3tC— 


l>9 




K 1 S 




1 1 g | »— 


t$ 




HKK 




I3IE— 


M 




KKK 




I3IF- 


«* 




ItKk 




•3lf- 


#* 




HKK 




■311- 


VI 




liKh 




• '12- 


II 




liKk 




•313- 


|| 




HKk 




■314- 


0* 




BUI 




■315- 


•* 




IIKk 




1314- 


M 




BU 




1317- 


m 




HKk 




1311- 


»» 




HHK 




I3I»- 


II 




IIMk 





Recognise thus*' lirsi few lines" Thc>"rc ihc a**cmhly language form of the program you lypcd 
in u page Of so ago The test ol the line* "he BRK instructions) arc ju« ihetc lo fill up the 
screen The address thai you specify is remembered !>> Ihe Monitor, hul not in one of the ways 
explained before It'* put in the ftng'tim loiinttr. which i* uwd solely lo point to locultons 
wiihin progiams Aflcr ■ LIST command, the Program Counter in set lo point lo Ihc locution 
immedialcts following the la-o location displayed on the sacon. «i that if you do unolher LIST 
command n Mill continue *nh another screenfull of inxiructions. starting where ihe flrsi screen 
lefi lift 



THE MINI-ASSEMBLER 

Ihcic is .inulhcr program wiihin Ihe Monitor' which allows you lo type programs into ihc Apple 
in ihc same assembly format which ihe UST command display* This pn«gram is called Ihc 
Apple Mini- Assembler li ts a "mini" -assembler because il cunnol understand »>mbnlic label*. 
Mimcihing lhai a full-blown assembler must do. To run Ihe Mini- Assembler, lypc 



• IV Miiw-A<*rmra« dues mil aouatl) revde in (he Mimt»» RmM Kit i- iuix »• ilv Imttei HASH «nM 
mi Ito. ii n ..... MHh w> Arofc II l>h» ««tm. »tiik FMaWI An*-*" II '» «c 
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•I M i 



Vou are now in ihc Mini-Assembler The exclamation point is ihe prompt character l)utin|! 
your Wuy in the Mini- Assembler, you e-m cxeeulc any Monilor command by preceding il *tth a 
dollar sign IS*. Aside from ihji. the Mini- Assembler has an intiiucliiin set and QlltU -Il Hs 
own 

The Mini- Assembler remembers one address, thai ol the Program Cuunicr before you Marl to 
emcr a program, you mum set the Program Counter hi point In the location where you wuni yout 
program m go. Do !h» b> typing the address leHBWd hy a colon Folio*- this with the 
mnemonic lor ihe Iiim instruction in your program, followed by j space Now i>pc the operand 
Of ihe instruction (formats I'of operands arc listed on page Wii No* pics* [SrTtl Ihe 
Mini- Assembler tonverls Ihc line you typed into hexadecimal, slorcs h in mcmon beginning ji 
ihe location of ihe Program Counter, and then disassembles it again and display* ihc disassem- 
bled line on lop of your input line It Ihcn pose* another piompl on ihc next tine No* il*s 
ready lo accept the second tnslruciion in your program To tell il thai you want the nc»t inslruc- 
lion la folio* the first, don't lypc an address or a colon, bill only a snaic. fallowed fay ihc ncxl 
insi ruction's mnemonic and operand Press RHI R\ It .iswmhles ihat line and wan, lot 
another 

If Ihc line you type has an error in il. the Mini-Assembler will hecp loudly and display < 
circumflex I") under or near the offending character in ihc input line Most common errors are 
Ihc result ol lypngraphiial mistakes misspelled mnemonics, miising paicnihe*cs. etc The 
Mini -Assembler also wdl reject ihe inpul line (I >nu forget ihc space before or afler a mnemonic 
or include an extraneous character in .1 hexadecimal value or address If the ilestinahon address 
of a branch inslruction is out of ihe range of the branch (more than I?' localions distani I mm 
Ihc address of the instruction!. Ihe Mini- Assembler will also flag this a* an error 

! .Iflll I l)X #«? 

1311- A2 HZ LUX Bit! 

• LDA Si.X 

IJI2- 19 1.UA Slf.X 

I STA Slft.X 

|3t4- 95 It STA llf.X 

f DEX 

CA DEX 
I STA 5C»3# 

#3»7- HI) 31 CI STA ICI3I 

t BPl 53(1? 

• 3IA- II lb BPL SB 3112 

! UKK 

I3IC- UH Hkk 



To e»ti Ihc Mi 111- Assembler and ic-cnier the Monitor ciihcr press or type ihc Momior 



Command (preceded by a dollar ugni 1 1 (»''< i 



I3M>*W 

Your jsocmbly i , . ■> progum is noted in memory You can look m h i| i •■ with the LIST 
command 

•3 Ml 
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HKk 




I31S- 
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IIKk 




• J 1 9- 


|| 




HKk 





DEBUGGING PROGRAMS 

As pul so concisely by Luhursky', "There's always one more bug " Don't worry, the MooHff 
provide* facilities lor stepping through ornery programs lo find thai one Irsl bug The Monitor** 
STEP" command decodes, displays, and executes one instruction al a Irme. and ihe TRACE" 
command Mens .juickly through a program. Mopping when I RRK inMruciion is executed 

Hath STEP command cause* the Monitor lo execute ihc instruction in memory pointed to by the 
Program Counter The instruction it displayed in it* disassembled form, then executed The 
content* of the 6542" * internal register* are displayed after the instruction i* executed. After exe- 
cution, the Program Counter is bumped up to point lo the next in*truction in the program 

Here's what happen* when you STFP through the program you entered using the Mini- 
AsvcmMcr. above: 

' In MMpAt'a Lm» «•/ r**r" Kmumt «»v Ihmtt fli Hnnv. cJnnJ In Anh-i IW Pr»»/S<rin/!tl».inc WTT 
" Ih.SII I-.na JKAl t ..unund. .<c ru» ...lUM.-nn AtsWs -«h the A«««.n ROM 
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• JM- AI *2 I1A aU2 

\-»A \-»! VHM P-J» s-m 



• 3*2- B< • • lltx SM.\ 

\=m \-»2 vhw p-.»« s-m 



• 314- |# STA III.* 

\=a \=d* vhix [•='# s=m 



• .(•ft- CA DK\ 

\— ii* \-m \=a* p=«» S-M 



• .1*7- Nl> ji m S I x ICI3I 

a-h \-n ^ — €>« Ml s-m 

• s 

• 3IA- III (6 BPL 1*3*2 

a-*( Hi \-i>h Ml s-m 

• s 

1312- Bf Mil LDA S**.\ 

A— II \=*i \=\m mi s-m 



• 3*4- 95 I* STA Sl*.\ 

\ -n \=m ^=i>h mi s-ri 



Notice i*i .' alter the third instruction » i- executed. we examined the content* ii* - » ■ ■ - ■ - ■ I J 
They were a* we expected, and *n wc cuniinucd stepping The Monitor keeps the Prugrarn 
Counter and ihc Itf opened addrcv. separate 1'fom one another, so thai you can examine of 
ihangc the conicnis of memory while >ou are stepping through your program 

Ihc IR Alt command is m il an infi nite STIlPpcr ll will stop rKACT ing Ihc execution of a pro- 
Bram only when tou rush jfcsET] or it encounters a BRK instruction m the program If the 
TRACE encounter* the end of a program which returns io Ihc Monitor via an RTS In iitiuclion. 
Ihc TRACHing will run ofl inio ncvci-nevcr land and must he stopped with the Rl.sl.T. button 



• 316- CA HI \ 

\=*b \=** *,=oh m ] S=fH 

1317- HI) 3| < * six S( *.'* 

A=*B \=*# ^ =t»« P=M S=IH 

13 1 A- !• i " Kim sum: 
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P=BH S=FH 
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i STA 


s< nin 


\ m t\ 


A™FF 


> =1IH 


P=B* S=l M 




H ID \— 


1 " 


PI 


Bl'l 




A-#A 


>c-rf 




p-bh s=tn 




#.!#<- 






BU! 
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\=*\ JW| !•= 


=B* S°I N 



EXAMINING AND CHANGING REGISTERS 

A* >>iu u* above. Ihc STFP and TKACF oHiimands displayed the lament*, of ihc 6582"* micr- 
rul register* after cath msiruu«on You cm euminc ihe*c register* ui mil of prc-sei them when 
»uu IH U Bt STFP. nr GO - machine language piogram. 

lh c Monitor rc*ervc* live loeaiion* to memory lot ihc five 65*2 rcgistei* A. X. V. P IproeesAor 
stilus fciri->lcri. and S Isiaik pointerl fhe Monilor'* FXAMIM command, tnvoked by a 
[CTR L F|. lell* ihc Mnnimi in display the content* o( ihese toMffBU on ihc screen, and lei* ihc 
locjlton which holds ihc (•*•?** A-regi*ter he the ncxi changcaNe location It »ou want to 
change the value* in these locations. ju«i lype a colon and ihe values separated h> *pajcev Ncul 
lime you give the Monitor a 00* STFP. or TRACT command, lhc Montlor will load ihcv: live 
tucihoris tnin ihcir proper rcpisiers inside lhc h5#2 before it eu-eutc* ihe lirsl mslrucllon in ynur 
program 



• i I K I 1 



\-M t-tlft l'=H# S=tH 

• H* t»2 

* 1 ' ' 

\=B« ft-fl HW P-B* N-FR 

'396$ 

• .1*6- (A DFX 
\=H» \=»l \H>* P-.'« N-FR 

• s 

■3M- Nl> 31 CI STA Kf3l 

\-H$ \-m \HIK P=J# S=FR 

• s 

•JfA- in Fi BPF S«-»»2 

\=h» \=m v-M p-u s-f* 



MISCELLANEOUS MONITOR COMMANDS 



You OA CDOtfOl ihc MM dDg ol' Ihc |nvcr*c/Niinnal location used by Ihc COUT subruulmc (see 
page 321 from Ihc Momior mi thai ult of the Monitor's iiuipul will be in Inverse video Ihc 
INVERSE command docs this nicely Inpui lines aic Mill displayed in Normal mode. however 
To return Ihc Monilor's oulpul In Normal mode. use ihc NOR VIM command 



mmn- *v ib IC id IE if M M 

IMH— (ft VI III HB CA !)■ F6 Aft 

-I 



llll- IA IB ■(' CD IK IK DM !■! 
IIIK- (ft II Fl #H ( A 1)1 F6 Aft 

•N 



llll- IA IB IC ID IK If Dl IJ 
IIIK- (ft II II IK CA 1)1 F« Aft 



Ihc BASK command, invoked h» j "( Till- B . Icis vnu leave ihc Moniior and cnicr ihe language 
insullcd in ROM on your Apple. usually cilher Apple Integer or Applesoft II BASIC". Any pro- 
gram or variable* lhai you had previously in BASIC wdl be toil If you've left BASIC lor ihc 
Monitor and you want lo re-enter BASIC wilh your program and variables mini. use the 
HB B < CONTINUE BASIC) command. If you have the Apple Disk Operating System (DOS) 
active, ihe 'JDSG' command will reiurn you lo ihe language you were using, with your program 
and variables intact 



The PRINTER command, aeiivaled by a |("TRL PI . divert all oulpul normally destined lot ihe 
screen lo an Apple Intelligeni Inierface* in a given sloi in ihe Apple'* backplane Ihe IkN 
number should be from 1 lu 7. and (here should be an mietfacc card in ihe given »Jo(. or you will 
lose conirol of your Apple and yout program und variable* may be lost The formal lor ihe com- 
mand Is 

Isloi number* kTWTfl 

A PRINTER command lo sloi number I witt revel ihe flow o( primed oulpul buck lo Ihc Apple's 
video screen. 

The KEYBOARD command similarly suhsiiiuics ihc device in a given backplane slot lor the 
Apple's keyboard Far details un how ihcsc commands and their BASIC counterparts PRO and 
IN* work, please refer lo "CSW and KSW Swilchcs". page 83 The formal for (he KEYBOARD 
command is. 

Idol numberl griLk") 



>4 



A dot number of (• for the Kt VWIARI) command will force the Monitor 10 lislen for inpui Pram 
I IN Apple'* t>uilt-m keybnaid 

Vtw Monitor will also perform vimplc hexadecimal addition 4tid subtraction Jusi type a line in 
ihc formal 

t value I ♦ lvalue! 
(vulucl - Ivalucl 

The Apple will perform ihc arithmetic and display ihc result 

• .1 
-Jl 

• 4A-C 
-3E 
•ii' 1 

" 

• 3-4 
I I 



SPECIAL TRICKS WITH THE MONITOR 

You can put as many Monitor commands on 4 single line us you tike. as long as you separate 
ihem with space* and ihc total number of characters in ihc line is less ihan 254. Vou ran inter- 
mix *nv and all commands fieely. esccpt ihe STORE (l) command Since ihc Monitor lakes all 
value* following a colon and places them in consecutive memory locutions, the last value in a 
STORE must be followed b> .1 Idler mmm.ind ncfoic .mother addrevs iv encounicretl The 
NORMAL command makes a good separator. Il usually has no efTeci and can be used anywhere 

1#I7 IB 69 I N IM 392 Iff! S 

• *M- OH 11 riri riri riri riii nil riri 

«.»■#- it 69 ii 

*y.$»- in clc 

A=#4 \=ri I V=OH P=»« S=Ft* 
«.1#|- 69 -I AIH BS#1 

a=#« \=m v=os p= > « s-Fi 



Single-letter commands such as l. S. I. and N need not be separated by spaces 

II ihc Monitor encounters a character in the input line which it docs not recognize as cither a 
hexadecimal digit or a valid command character, it will execute all commands on the input line up 
to thai character, and then grind to a halt with a noisy beep, ignoring the remainder of the input 
line 

I hc MOVE command can be used to replicate a pattern of values throughout a range in memory 
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To do thtv firit wore the pattern tn it* liru noun ion in the ranne: 
" JM II 22 33 



Remember the number nf nNm in the pattern m ibis caw. Then u« thra special nrr-mitc- 
meni of the MOVE commund 

[UK! + number) < Nun! lend — number) M 

This MOVt command will lira replicate the paitern at ihe locution* immediately following the 
original nuitcrn. (hen re-replicdte thui iiatlern following n*elf. wd vi on until n rills ihe enure 
range 

-3«J<3fl 32CM 
■301 JJp 
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22 
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1 1 
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1 I 
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■311- 
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33 


• >l«- 
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33 
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l l 
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• 32»- 


33 


1 1 


II 


33 
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22 


33 
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1321- 


22 


33 


II 


22 


33 


i i 


22 


t 1 



A similar tntk can he done with Ihe VERIFY command In cheek »bclhci a pattern repeals nsclf 
through mentor) This is especially useful to verify thai a giscn range o( memory location* all 
contain the same value: 

OH* ll 

•3fl<3M J I KM 
»ltl<3M JIFV 
•IH •! 
• 1*K3M ItFV 

nn-n <•:* 

«1M-»J Km 



Vnu tan itcalc a wrnmuml line -huh will repeal all or part of itself indefinite!) b> beginning the 
pan of Ihe command line v. huh is to be repealed with a letter command, such as N. and ending it 
svith the sequence M:* vvhere * is a hcsadceimul number specifying the characlcr position of the 
command which begins Ihe loop, for Ihe firsl character in the line. n-B Ihe value for >t must 
he followed with a space in order lor the loop to work properly 

• N )«» 3H 34 • 

• 3M- II 
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• 312- 


33 


■ 3M — 


1 1 


• 312— 


] I 


$i$ »— 


1 1 


$3$ 2— 


33 


■ 301— 


1 1 


• 312— 


33 


■ 3M— 


1 1 






* »■»- 


1 1 


I3IZ- 


33 


131 





The onl) in *u>p n loop like i In-. i* to pic** HI *>l 1 



CREATING YOUR OWN COMMANDS 



llii' I'SIK < [('i HI \\> iumminil. when cnciiunlc'cd in the inpul tine. lorecs the Mimilof to 
jump hi i, .imn numhci S3M in memory You can put ynur own IMP mylruciion in this Inca- 
lion which will lump In ynur own program. Your program can then cither eviminc Ihc Mnniliir s 
reg mcry and pninlcry ol Inc inpul line ilself por ciomplc. here I* a ptogram which will make 

ihc irmi. V i command act as a "commcm" indicator everything i»n Ihc inpul line following 
Ihe lCTKLVl will be displayed and ignored 

•p6(i6G 

I 3H L1IV S3 J 

lill- A4 .14 LDV IH 

! LDA 2M.Y 

»Jf2- HI II I! LDA . \ 

! 1SK 11)11) 



ISIS- II III II) 

! I NY 



• )•«- (« I NY 

I (MP XSSI) 



ntt- a »i> cmp »shu 

I BM SI2 



• mil- in n bm: s»h: 

• IMP SFF69 



IMIt- 41 1.1 If JMI- Sirs') 
IIFI JMP S!»» 



Hill 



57 



IIFF69G 



• ICTML V] Till IS » TtSI 
mis IS \ TIM 



SUMMARY OF MONITOR COMMANDS 



S an .il M i..r ( « 



KiamlnlnK Mcmnry 

|ldnl| [idng] 

Kill UN 

CT—tflU 1lt«- < »nlrnts of 

(adrsl UaW Kail 

IvriJ Ml 

Mnvlnv And ( ompiirlnu- 

(dcu|<l*iarii.lendlM 

(dml<Uutl) tcnd)V 



Exandoei ihc value contained in one lomtoa 



Displays ihe values BBMlfatd m till locations 
helwcen Iddisll and (adr*2| 



Displays the values in up to eight locations fol- 
lowmg ihc btf opened location 



Store* the value* in consecutive memor) loca- 
honv starling ai \atin\ 



Store* value* in memory starting ai ihc next 
changeable location. 



CPplM Ihe values in the range Istart) lendl mio 
the range beginning ji Idcsi). 



Compare* ihc values in the range Isiurtl (end) 
lo ihosc in Ihe range beginning at |dc*i| 



Satinumid loadinE*U lipt. 

{vianl |end|W 



Write* ihe value* in ihe memory range 
Surll lend! onto tape, preceded by a len- 



tuaril lendlR 



Kumilnt and I istini: Pmnraiiiv 



|adr*|l. 



Rends vj!uc* from lope, storing them in 
mcmoty beginning at Itiuttl and slopping M 
lend] Prim* "fcRR" if an error occurs. 



Transfers control to the machine language pro- 
gram beginning ai ladrs| 

Disassemble* and di*pJa>* 20 instruction*, wan- 
ing ai (adrsl Subsequent I.'* will display 20 
more in*t rue lions each 
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Summary ol Monitor Commands. 



Ihe MtaLAwnMa 

PW60 
Slcommandl 

SFFfM 
(adrsl 5 

IwJnlT 



Invnkc Ihc Mini- Assembler * 

I hi uii j Monitor command from ihc Mini* 
Assembler 

Leave ihc Mini-Assembler 

Disassemble, display, and cicculc the instruc- 
tion ji (adrsl. and display Ibc contents of ihc 
internal registers Subsequent S's will 
display and esecutc successive instructions " 



Step infinitely The TKACfc command stop* 
only when ii ex ecutes a BKK instruction or 
when >ou press [ BESETi *' 

Display the contents of ihc f>S#?s rcgislcrs 



t IMI . 

|val)-f|v*l| 
(vall-lval) 

I I HI P 
Mm I i I hi k 
L I Ml y 



Sci Invent display mode 

Set Normal display mode 

fcntcr Ihc language currently imullcd in ihc 
Apple's ROM 

Kecntei the language currently insulted m the 
Apple's ROM. 

Add ihc two value* and print ihc result 

Subtract the second value front ihc (km and 
print the result 

Divert ouiput lo the device whose interface 
cord is m slot number l*loi). II Mot 1-0. then 
route output to the Apple'* screen 

Accept input from the device whose interface 
card is in slot number Moll If Motl-0. Ihen 
accept input from the Apple's keyboard. 

Jump in ihc machine language subroutine at 
location S3F8 



60 



SOME USEFUL MONITOR SUBROUTINES 



Here i* ■ Ha «>r some useful suhtuulincs *r» the Apple's Monitor and AuloMart ROM* lo use 
(hoe subroutines from machine language progr-ms. load the proper memory location* or 65#? 
register* a* required by Ihc subroutine and execute - ISR lo ihc subroutine'* Martin* address li 
will perform the function and rclurn wilh ihc bW\ register* set as described. 

$f!>EH COIT Oulpul a chararlt-r 

COUT is Ihc Mundard character oulpui subroutine The character to be oulpul should be in the 
accumulator COUT call* ihc current character output subroutine whose address is stored in 
CSW llucaimn* S» and Si7). usually COUTI (see bclowt. 

SFDE* * Ol'TI Oulpul lo strwn 

COirT I display* ihc character In the accumulator on the Apple * screen at the current oulpul cur- 
sor position and advances ihc output cursor. It places Ihe character using the setting of Ihc 
Normal/Inverse location. Il handles the control characters RETURN, linefeed, and hell ll 
returns with all registers mlact 

SFKM SETINV Srt In.crse mode 

Sets Inverse video mode lor COUTI. All oulpul character* will he displayed a* black dots on a 
while background The Y register is set lo %}f. all others arc unchanged 

MEM SET NORM Sel Normal mod* 

Sets Normal video mode lor OOUtl All oulpul characters wwill be displayed a* white dots on a 
black background The Y register is set to SFF, all others ate unchanged 

BUM CROUT GaMfato a RETURN 

CROUT sends a RETURN character to the current output device 

SEIMiH ( ROl l I RETl RN with clear 

CROUT1 clear* the screen from Ihc current cursor position to ihe edge or the text window, (hen 
calls CROUT 

SEDDA PRBYTE Prlnl a hetadrcimal b.ir 

This subroutine ouipui* the contents of Ihc accumulator in hciuidecinul on ihe current output 
device. The contents of the accumulator arc scrambled 

1FDEJ PR HEX Prlnl a hrxadrclmal digit 

This subroutine output* the lower nybblc of the accumulator as a single hexadecimal digit The 
contents of the uccumulalor are scrambled 

R?M] PRNTAX Prinl A and \ lo hexadecimal 

Thi* output* the content* of the A and X rcisicrs as a four-digit hexadecimal value The accu- 
mulator contains the first byle oulpul. the X register contains the second The contents of the 
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accumulator arc usually scrambled 

MM I'RBI \k MM i spiers 

Outputs three blank space* to the standard output desne L'pon c»it, the accumulator usually 
DOMMRl tAi. the \ register contains 

SFWA PRBL2 Prinl MR) Hank spans 

This subroutme outputs rmm I to 256 blanks to the standard output device l'pon entry, the X 
register should contain the number of blanks to be output If X-SM. then FRB1.2 will output 
256 bbnks 

SFFVA BELL Output ■ ••bell" character 

This subroutine sends a bell " I K I Gl character to the current output device It leaves the 
accumulator holding $87 

SKBI>I> III I I i Brcp Ihr Apple's speaker 

This subroutine beeps the Apple's speaker lot I second at I Ml/ It scrambles ihc A and X 
registers 

SFIW RDkfcY Gel an input character 

Thi* is the standard character input subroutine It places a Hashing input cursor on the screen at 
the position of the output cursor and jumps io ihc current input subroutine whose address ts 
stored in KSW (locations S3* and $)9i. usually KLVIN (see below). 

ITO9S RDCIIAR Crt an Input character or tS( code 

RIKTIAR is an aliernalc input subroutine which gels characters from the standard input, but also 
interprets the eleven escape codes (see page 34 1 

SH)IB kMIN Head the Apple's keyboard 

This is the keyboard input submuiine It reads (he Apple's keyboard, wails for a kcyprev>. and 
randomizes the random number seed (sec page 321 When it gets a keypress, it removes Ihc 
flashing cursor and returns with the keycode in the accumulator 

■TDM GF.TLN OH an input line with prom pi 

GfcTLN is the subroutine which gathers input line* <*ee page 33). Your programs can call 
GfcTLN with ihc proper prompt character in location $33. GfcTLN will return with the input line 
in the input butter (beginning at location S2t»> and the X register holding ihc length of the input 
line 

$FI>*7 GETtNZ Gri an input line 

Gfc'TLN/ t» an alternate entry point for GfcTLN which issues a carnage return to the standard 
output before falling into GETLN (see above* 
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KfW <iETT.NI DM an input llnr. no p.ompl 

, GETLNI ii an alternate cnif> point lor GETI.N which doc* noi issue a prompt before ti gathers 
' ,nc •"P". 1 hn < 11*. however, the user cancels the input line, cither with Ino many backspace* 1 or 
with .1 '(TRlJ]. then t.FTI M -ill issue (he content* or location $33 as a prompt -hen it Belt 
I another line. 

SFCAK V.AII DMA) 

This subroutine delay* faf I specific amount of lime, then return* to the program which called it 
Ihc amouni of delay b specified by the contents of the accumulator With A the contents of the 

accumulator, tin: delay ll »(»+ 27A + 5A J I «i second* WAIT returm with the A register /croed 

and the X and V icgislcr* undisturbed 

SLUM SHC OI. Sri I ow-Res Craphlrs color 

This subroutine scis ihc color used Tor pinning on the l ow-He* screen lo the color pawed in ihe 
accumulator See page IT for a table of Low-Res colon 

mn NEXTCOL tim-im color b, i 

I his adds 3 lo Ihc current color used for Low-Res Graphics 

*M PLOT P|»| a block, on Ihe Low-Res screen 

This subroutine plots a single block on the LcrnRes screen of the nfespccilled color The block's 
vertical position is passed tn the accumulalof. ll* horizontal position in the Y register PLOT 
returns with the accumulator scrambled, but \ and V unmnlesicd 

SMIt RUNE Draw a horizontal linr of blocks 

This subroutine draw^ a horizontal line of blocks of the predetermined color on the low-Res 
screen. Vou should call HLINE with the vertical coordinate of the line tn the accumulator, the 
leftmost hori/ontul coordinate in the Y register, and ihe rightmost horizontal coordinate in loca- 
tion HC HUNfl returns with A and Y scrambled. X intact 

nU VUNB Dm a vrfllcal line of blocks 

This subroutine draws a vertical line of Nocks ol" the predetermined culnr on Ihe Low-Res screen. 
You should call VLINL with the horizontal coordinate of the line in ihc V register, the lop verti- 
cal coordinate in the accumulator, and the bottom venicat coordinate in location S2D. VLINE 
will return with the accumulator sciambled 

SF8J2 CLMC R dear Ihe entire Low-Res screen 

CLRSCR clears the entire Low- resolution Graphics screen If you call Cl.RSCR while the video 
display is in Text mode, it will fill the screen wilh inverse-mode "<»" characters CLRSCR des- 
iroys the contents of A and Y 

MM CLR rOP Clear the top of Ihe Low.Res screen 

CLRTOP is Ihc same as CLRSCR (above), eucpl that ii clears only the lop 40 rows of the 
screen 



u 



SFS71 SCRN Read Hm t ow-Ris MMI 

This subroutine returns ihc color ol -i single him- 1 <«i the low-Res screen Call <l as »«u would 
call PLOT (above! The color or the blOCk *'» b« returned in the accumululrir No other regis- 
ter* ate changed 

Si in l PRKAD Read a ClMM » MlnUff 

PREAO will return u number which represcnis the nositton of a game controller. You should 
pass ihc number ol the |amc controller I* lo 31 in ihc X register If this number is not valid, 
sirangc thing* ma> happen PRFAI> returns with a number AM M# to 5FF in the V register 
The accumulator is scrambled 

HT2D PICM Print "r BR'* 

Sends the word "ERR", fallowed b> a bell character M Ihe standard nuipui device The ticcu- 
mulator is scrambled 

SFMA IOSAVE Si*e all rvgistrrs 

Ihe content* ol the b$92's inicrnal registers are saved in locaiions S45 ihrough SW in the order 
A-X-Y-P-S The conicnis of A and X arc changed, ihe decimal mode is cleared 

StT.tr Mint Rrslon- all registers 

The contents of ihc n5#2's mlernal registers are loaded from locations $45 through $49 
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MONITOR SPECIA 



L LOCATIONS 



Tahlr 14: 

\ddress 

Decimal He* 


PaB. 1 hrt. Monilot Locations 

Montmt ROM Auiosurt ROM 


1008 S3F0 


None 


Molds the address 
of the subroutine 
which handle* 
machine language 
"HKK" request* 
•normally IE A 59). 


1010 SJFJ 
IBM S3F3 


None 


Sofl EtHf) Veclor 


I HI? S3F4 


None 


Powcr-up Bjic 


1813 S3F5 
1(1)4 UH 
1015 S3F7 


Hnld* a "JuMP" instruction lo ihc 
subruuimc »hnh handle Applesoft II 
-&" commands* Nnrmallv B4C 558 
SFF. 


10 It SM- 
101 7 53|-'9 
lfll UFA 


Hold* a "JuMP" inslrucimo to ihe 
subroutine which bundles "USER" 
' ,< 1 HI \ I commands 


1019 SJFB 

1020 MFC 

1021 S3FD 


Holds a "JuMP" instruction i,. ihc 
subroutine which handles Son- 
Maskable Interrupts 


1022 S3FE 

1023 SJFF 


Hold* Ihe address nf the subroutine 
which handles Interrupt KeQucsis 



• Set p-K 1?3 m ihc \.pl..»f. tl HsMI U.Ur.o,, sl.ni.il 



MINI- ASSEMBLER INSTRUCTION FORMATS 



The Apple VI I ni* Assembler iccogni/cs mnemonics and 13 addressing formats used In 6502 
Assemhl> language programming The mnemonics jrc standard. a< used in Ihc MOS 
liihnolue>/N>n.>rtck fcSIHl Piuuranimliic Manual iApple part number A2L0003). bui ihc 
addressing formats are diflctcnt Mere arc the Apple standard address mode litrmais lor 65#2 
Asscmbh Language 



labl. If \1lni-\ss,mbl<r \ddrrss t«r 


mis 


Mode 


formal 




-Vctumulator 


None 




Immediate 


#51 value 1 




Absolute 


SJjddres*; 




Zero Page 


s;.ddTe«: 




Indeed /en. Page 


Sladdre«}.\ 
Sladdre^:.^ 




Indexed Absolute 


sUldrcss A 
5 (address) ,V 




Implied 


None 




Relive 


S( address) 




Indexed Indirect 


(S[addiw|.X> 




Indirect Indexed 






\hsolute Indirect 







An | address) consists of one iw more hexadecimal digits. The Mini-Asvrmhlcr interprets 
addresses in ihc same manner thai the Monitor dnes if an address has fesvei ihan four digits, u 
adds leading ? crocs, if ti has more than four digits, ihen n uses only the last four 

All dollar signs (St. signilymg thai the addresses arc in hexadecimal nutation, arc ignored bv Ihc 
Mint- Assembler and ma* be omitted 

Ihcrc is no syntactical distinction between the Absolute and Zero Page addressing modes If you 
give an instruction tu the Mini- Assembler which cm be used in both Absolute and Zero-Page 
mode, ihen the Mini- Assembler will assemble that instruction in Absolulc mode if ihc operand 
(or ihal inslruction is greater than $H. and il will assemble ihal instruction in Zero. Page mode if 
the operand lor ihjt Inslruction i> less than 5t»l## 

Instructions wilh the Accumulator and Implied addressing modes need no operand 

Branch in struct Kim, which use ihe Relative addressing mode, require the tanrri OiAaVu of Ihc 
braikh The Mini- Assembler will automatically tiguie oui ihe relative distance io use in the 
instruction ir the targel address is more than I J7 locitlOM distant from ihc innruclinn. then the 
Mini- Assembler vvil sound a "been", place a eireumfex O under the largei address, and ignnte 
the line 

If you give the Mini-Assemblci the mnemonic fix an instruction and an operand, and the 
addressing mode of ihe operand cannot be used with ihc instruction you entered, ihen the Mini- 
Asscmbler still noi accept the line 
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MEMORY ORGANIZATION 




61 RAM STORAGE 

!0 RAM CONFIGURATION BLOCKS 

'3 ROM STORAGE 

TJ I/O LOCATIONS 

74 /ERi I PAGE ME MOB V MAPS 



Ihc Apple's 65*2 microprocevsxir can directly W ftl WC| a total of 65.536 distinct mcmor) loca- 
lions. Vou tun ihink of the Apple's mcmor> as j bonk »nh J56 "page*", with 256 memory locu- 
tion* on each pne For cwmplc. "page SW" is the ?5ft memory locations beginning at locution 
$JW» and ending at locuimn SJ*I> Since the b5« use* t*n eighi-bil bytes to form ihc addrevs 
Of any memory location, you can think of one of ihc byte* as the wifr numher and Ihc olhcr as 

ihc httHtn (tf /*w 

The Apple's 256 pages ol memory fall mu. three categoric* Random Acccn Memory (RAM). 
Read-Only Memory (ROM). Input/Output locations (I/O) IJtffcrent area* of memory are 
dedicated to different functions The Apple's basic memory map look* like iMc 



s»tl.ni Mi-miift M*p 


Pitc Numhtfi 
DKhml He* 




• SM 

1 Ml 
I S*2 


RAM <48K> 


ii» SBE 
I.I SBK 




1.2 «» 
I.J SCI 


I/O (2K> 


191 SC6 
l« SCI 




m set 

2*1 SC9 


1/1) ROM I2KI 


216 SCE 

»7 SCF 




HI SM 

m sdi 


ROM II2K> 


25. SFE 
25S SFF 





Hgurr 5. System Minim v Map 



RAM STORAGE 

The area in the Apple's memory map which is allocated for RAM memory begins at the bottom 
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.») Page Zero and extends up lo ihc end of Page 191 The Apple ha* the capacity to house from 
4k <4.tW6 byics) io 48K 149.152 b>le*l of RAM on it* mam circuit board. In addition, you Can 
expand ihc RAM memory of >oui Apple all Ihc way up io 64K (65.536 bytcsT by installing an 
Apple Language Card (pan number A2B0006) This cura 16K of RAM take* ihc place of ihc 
Apple * ROM memory, with t*.. 4K segments of RAM sharing ihc 4K range from SllftW to 
SOI I I 

MM of your Apple's RAM memory is available io you for ihc si or age of program* and data 
The Apple, howcvci. doc* reserve some locuiiun* m RAM for use of ihc System Monitor, vari- 
ous languages, and other system functions Here i* a map of ihe available areas in RAM 
memory: 



lab| r ll>: K \M OriJm/iliiin and 1 


Page Number 
Decimal He* 


Died For 


• Mi 


System Program* 


1 Ml 


Syitetn Slack 


: m? 


GF.Tl.N Input Buffer 


) MJ 


Monitot \ cilot 1 ocali.™ 


4 M4 
MS 

6 M6 

7 M7 


Tc»t and Ln-Rc.% Graphics 
Primary Page Slornte 


i m 

9 Ml 
in SUA 
II Mil 


Text and Lo-Rcs Graphics 
Secondary Page Storage 


1 HI 1 

RAM 


12 MC 

through 

11 Sll 




M ]2f 

through 

63 S3F 


1 1 H . - Graphic! 
Primary Page 
Storage 


64 S4i 

through 

95 i5F 


ll> R'.-v Graphic* 
Secondary Page 
Storage 


96 St* 

through 

191 SBF 







Following is a rweakunwn of which ranges are asvgncd to which function* 

Zero Pigc Due lo ihe uinsirucnon of the Apple's 65#2 microprocessor, the krwermosi page in 
the Apple's memory is prime real cslalc for machine language programs The System Monitor 
use* about 20 locations on Page Zero. Apple Integer BASIC uses a few more, and Applesofl II 
BASIC and Ihc Apple Disk Operating System use the lesl Tublc* IK. 19. 20. and 21 show the 
location* on zero page which arc used by Ihcsc system function*. 

Pace Om, The Apple's 65«2 microprocessor reserve* all 256 byte* of Page I for use as a 
"Mack" Fven Ihough the Apple usually use* less than half of this page al any one lime, il is not 
easy lo determine just whai is being used and what i* lying fallow, so you shouldn't try lo use 
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Page I In More tin) data 



fair fwq The GRTLN subroutine, which is used to get input line* by mnu program* and 
languages, uses Pago 2 as its mpui bullcr II you're Mire thai ynu won't be typing any long inpul 
lint*, then ynu can (somewhat! safely store temporary dalu in ihc upper region* of Page ? 

P«r Thrw. The Apple's Monnor ROM 'both ihc Autostart and ihc original) use Ihc upper *i»- 
btcfl locations m Page Three. Iri>m location W* U< SJFF (decimal IW8 io 10231 The 
Monitor '* use of these location* i* outlined on page t>2 

1'w* (our through Nrtcn This 1.0.4-byle range of memory location* is used for ihc Ten and 
Low- Resolution Graphics Primary Page display, and is therefore unusable lor storage purposes 
There arc 64 locations tn this range which are not displayed on Ihc screen These b4 locations are 
reserved for use by the peripheral curds I sec page R?) 



RAM CONFIGURATION BLOCKS 

The Apple's RAM memory » composed of eight to M integrated circuits These IC's reside m 
three rows of sockets on the Apple board lath row can hold eight chips of cither the 4.0%-bit 
I4K> or l*..W-bti <I6K) variety The 4K RAM chips are of ihc Mosick 40%'" family, und 
may be marled "MK4096" or "MCMbofM" The lf»K chins arc of the ' 4116" lypc. und may 
have the denomination "MK4I16" or "UPD4IMV" Each row must have eight of the surnc type 
of chip, although different rows may hold different types 

A row of cighl I6K IC's represent* lb. 384 eighl-htl hytes of RAM The leftmost IC in a row 
represents ihc lowccmnsl Mcast MgnilicanM oil of e»cr> byte in that range, and the rightmost It 
in a row represent* the uppermost Imnsi significant! hit of every byte. Ihc row of RAM [Cl 
which t* fronimosi on the Apple board holds the RAM memory which begins at location * m ihe 
memory map. Ihc nest row hack continues where the firsi left off 

You can Icll the Apple how much memory it ha*, and of what lypc il Is. by plugging IftHMQ 
Con/woi*'" Btnls into three IC sockets on the left side of the Apple board These 
configuration blocks arc ihrcc 14-lcgged critters which look like big. bo*> integrated circuits But 
there arc no chip* inside of them, only three jumper *ircs in each The jumper wires "strap'* 
each row of RAM chips into a specific place in the Apple's memory map All three configuration 
block* should be strapped the same way Apple supplies several types of standard configuration 
block* for ihe most common system sizes A set of these was installed in your Apple when h was 
built, and you gel a new set each time you purchase additional memory for your Apple If. how- 
ever, you want 10 expand your Apple's memory with some RAM chips that yuu did not purchase 
from Apple. >ou may have io construct your own configuration block* (or modify the ones 
ulreud) m your Apple I. 

There are nine diflcrcni RAM memory configuration* possible in your Apple These nine 
memory sizes are made up from various combination* of 4K and l*K RAM chips in the three 
rosvs of sockets in your Apple The nine memory configurations arc 
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•>'IHW 



I1.K 



MMW 
V1MW 

S.'Wll IhK 
SI WW 

S.uc-m 
Sire 4Sk 



3hK )2K 24K ?0K IhK UK HK 4K 



tiguri- 6 Minim* I iiiihcuruliiin* 



IM ihc Inuiiccn "leg*" nn each cuntiollci block, ihc ihrcc in Ihc upper-right corner Hooking ill tl 
from Am') reprcicni Ihc Ihrec row* of RAM chip* nn Ihc Apple'* m-iin hojld Theft *hnuld 
be ii wire lumper from otdl one ftf lhc*c pin* lo anoihcr pin in the ennligurolion block The 
"olher pm" correspond* to .1 pUc in Ihe Apple * mentor) mjp where tou want the RAM chip* 
in c*ch low 10 icMilc The pin* on Ihc innligbralion Muck jrc rcplc*enlcd Ihu* 



4K mm saw* Sill 1 1 


; 


H 


F r onl mo*l rrrw 


"C"l 


4K range SMMIFFl 




11 


Middle 11m 1 


•D"l 


4K rants S3MM2FFI 


1 


11 


Hackitnisl 10** 


■E"l 


4K range «»«-S.lFFF 


4 


II 


No connection 




4K rami Mm S4i 1 1 


s 


10 


IhK range SMllil-SH 1 1 


4K range l?Hi |5fl|T 


6 


9 


IhK range S4gWs'FI 1 


4K range SStSW Slil I I 






IhK range HNi M 1 1 



lleurc 7. Mrmoit ( oiirtuuralinn 
IIIikI. KmH 

If ■ low contains eighi thins of Ihc lek vancly. then you should connect ■ jumper svire from (he 
pin enrroponding in ihat row lo . pin corresponding m a lf>k range of memory Similarly., if a 
row contains erghi 4K chip*, you should connect u lumper wire from ihc pin for irui row in a pin 
CWmpWlBltfl u> .1 4K range of memory. Vnu should MWr pui 4K chip* in a row trapped for 
IhK, m rtoi versa ll is also nol advisable lo leave u low unwrapped, or lo Mnp iwo rows mio 
ihc MM range of mcmor> 



Vou should always make sure thai there is some kind of memory beginning at location • Your 
Apple's memory should be m one contiguous block, bui ti docs nol need to be l-'or example, if 
you have only Ihrcc set* of 4k chips, bui you want W use Ihe primary page ot the High* 
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Resolution (iraphic* mode, then you would sirap one mi of 4K chip* lo ihc beginning of 
memory <4K range MOM through MWM, MM) sirap the olhcr iwo rem* W ihc memory WBfB 
uwJ by ihc lltgh-Re*olulion liraphtc* primary page <4K range* through SZFFT md SItW* 

through n II * Ttlifl will five you 4k byte* of HAM memory in work wilh. and KK hvte* til 
RAM in be used a* a piiluic buffer 

Nolice ih-i the configuration blocks arc insulted into ihc Apple wilh l heir from edge* (the edge 
with the while den. representing pin It toward* ihc front ol* Ihc Apple 

Ihcre i* a pi"blcm in Apple* with Revision • board* and 2.IK or 24K «l HAM In these systems, 
the UK range of the memory map from S4MD lo S5ITF i» duplicated in ihc memory range SMNW 
lo J7FFF. rcgatdlcv. of whether n contain* RAM of not So systems with only 20h or 24K "I 
RAM woukl appear lo have 24K or JoK. bui ihi* c»lra RAM would he only imaginary This ha* 
been changed in ihc Revision 1 Apple board* 



ROM STORAGE 

The Apple, in us natural MB. M hold from 2K (2.048 bylcsl lo I2K 1 1 2.2*8 byleO i»r Read- 
Only memory on it* main board This ROM memory tan include ihc System Monitor, a couple 
of dulcet* of Ihc BASIC language, various sysicm and utility program*, or pre-packaged 
subroutine* Mth a* arc included in Apple'* fapMNN '■ *»•* « ' R< >M 

Ihc Apple's ROM memory reside* in ihc tup I2K (48 page*! of (he memory BMP, beginning at 
location MHHW l or proper operation of the Apple, (here mu*t he some kind of ROM in the 
upppcrmoM locations of memory When you turn on ihe Apple'* power .upply, ihc mieropfoeev 
wr mu*l have some program lo e.ccutc ,l V KS ln lnc "'P Iwji'nn* m Ihc memory map Tor the 
address of Ihis program In the Apple, this address a stored m ROM. and is the addrc*.s of a pro- 
gram within the same ROM this program iniiiali/cs ihc Apple and let* you slait to u*c il (For 
a description of the startup cycle, sec " Ihc RFSfcT Cycle", page 36.1 

Mere i* u map of ihc Apple's ROM memory, and of the program* and package* that Apple 
currently support* in ROM 
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Si* 24-pin 10 socket* on (he Apple'* board hold ihc ROM intcgralcd circuil* Each socket can 
hnU one Of * lypc 93 1 U I.CMH-nyic by H-Nt Read Only Memory The leftmost ROM in the 
Apple'* board hold* Ihe upper ?K ot ROM in ihc Apple'* memory map. Ihc rightmost ROM IO 
bold* Ihc ROM memory beginning ■ page SIW in ihe memory map II , ROM i* not present in 
a given socket, ihco the *jlucs contained in the memory range corresponding in ihal socket will 
he unpicdictahlc 

The Apple Firmware card can disable some or all of the ROMs on ihe Apple buanJ. and suhsii- 
lute it* own ROM* tn ihetr place When you hu»e an Apple Firmware card installed in any slot in 
the Apple'* hoard, you can disable Ihe Apple'* on-bnurd ROMs by flipping ihc card'* controller 
switch in it* UP posilmn and pressing and releasing ihe §KS»f) button, or hy referencing localion 
KIM (decimal 4928P or -IbJSbl To enable I he App le's on- hoard ROMs again, (lip Ihc con- 
troller milch li» Ihc DOWN position and pte*h B TtSfcTj . or reference location JCP81 (decimal 
49J8I M -Irt.'ssi l or more information. *« Appendi* A of the Applt-soll II II ASK I'rocram- 
nilni! lUfc m m Manual 



I/O LOCATIONS 



4,(rt6 memory location* (16 page*) id the Apple's memory map ate dedicated lo input and ouipul 
funciion* Thi* 4K range begin* jt location KW* (decimal 49152 or -163841 and extendi on up 
10 localion SOU f (decimal 53247 nr -122H9) Since ihc*e function* arc somewhat intricate, Ihey 
have been given a chapter all hi ihcmsekc* please sec Chapter * for mformaiion on Ihe alloca- 
tion of Input/Oulput tocjlfcftM 
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ZERO PAGE MEMORY MAPS 
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CHAPTER 5 
INPUT/OUTPUT STRUCTURE 
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94 EXPANSION ROM 
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I he Applet Inpul .mil Output fund ion % fall inio \*o haste categories those functions which arc 
performed on the Apple'* board itself, and those ftntPftfH which arc performed by peripheral 
interface cards plugged into Ihc Apple's eight peripheral -slot*" Both Of these function* mm- 
municulc in ihc microprocessor jnd your program* via 4.tWh locution* in the Apple'* memory 
map Ihi* chapter describes ihc mcmot> mapping and operation of ihc various input and nutpui 
control* and functions; ihc hardware which cHecute* these function* is desuibcd M ihc ncsl 
chapter 



BUILT-IN I/O 

Musi Of 'he Apple'* inherent I/O facilities -ire described hriclly in Chapter I, "Approaching your 
Apple" For j short description of these facilities, please see that chapter 

The Apple'* on-board I/O functions an controlled by 128 memory location* m the Apple'* 
memory map. beginning al locution ICWI and extending up through locution t decimal 

49152 through 49279. 01 -16.11(4 ihfough -16297) T»cnu-*evcn different function* shaic these 
121 locutions Obviously. some functions ate affected b> more than one lucainm in some 
instance*, as many as vixtccn different location* all can peilorm exactly I he same function These 
1 2d locations full into live lyres Data Inputs, Strobes, Sofl Switches. Toggle Switches, and Fk| 
Input* 

lluii Inpul* Ihc only Data Input on Ihc Apple board is a location whOM value represent* the 
current stale of the Apple'* built-in keyboard. The uppermost bil of this inpul is akin to Ihc Mag 
Input* <sce belowl. ihc lower seven bit* are the AS* II code of ihc key which was most recently 
pressed on the keyboatd 

Mac Inputs Must huilt-in input locations on the Apple are linglf Nl 'flags' These Dags appear 
In the highest tcighiht hii position in their respective memory ligations Hugs have only two 
values: on' and "off* The *eiting ol a flag can be lested easily from any language A higher- 
level language can use a "PI-K.K" or *imilai lommand to ■ ..A ihe value of a flag location il the 
PEEKod value is greater than 01 equal lo 128. ihcn the flag i* on: if the value is less than 128. 
Ihe flag is off Machine language program* can load the content* of a flag location into one of the 
n5*T* internal register* (ur use Ihe BIT imiruelioni and branch depending upon the setting of 
the N (sign* flag A BMI instruction will cause a branch if the flag is on. and a HPI. instruction 
will cause a branch if the flag is uff 

The Single-Bo tPuvhbutlont inputs, the Cassette inpul. Ihc Keyboard Strobe, and the Game Cnn- 
Holler inputs are all of ihi* lype 

Sindx- Outputs The Utility Strobe. Ihe Clear Keyboard Strobe, and the Game Controller Strobe 
uic all controlled by memory location* If your program reads the contents of one of these locu- 
tions, then the function associated with that location will be activated In Ihc case of the l'tility 
Strobe, pin 5 on the Game I/O connector will drop from +5 volis lo volts for a period of 98 
microseconds, then rise tack lo »5 uguin: in the case ol" the Keyboard Strobe, the Keyboard's 
flag input (sec above! will be turned off. and in the ease of ihc Game Controller Strobe, all of the 
flag input* of ihe Game Controller* will he turned off and their timing loops restarted 

Your program van also trigger the Keyboard and Game Controller Sltobe* by wnu»K to their con- 
trolling locations, bul you should not write to the Utility Strobe location If you do. you will pro- 
duce frit 98 microsecond pulses, about 24 4) nanoseconds apart This is due to Ihc method in 
which Ihe h$#2 writes to a memory location lirst n reads ihe content* of that location, ihcn it 
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writes ovet them Thi* double pulse will go unnoticed for the Keyboard and (iamc CMttMlU 
Slrohes. but may cause problems if (I appear* on ihc Utility Strobe 



lnei:W- Swltchrs Tim other Mrnbe outputs jic connected internally lo I w o- stale -flip-flops" 
l iH'h lime you read from the location associated with the strobe, its dip-flop will "toggle" lt» its 
other stale These toggle dUdW drive the < asset ic Output and Ihc internal Speaker lliere is 
no practical wa> lo determine the setting of an internal toggle switch Because of the nature ol 
the niggle »wii.hes. <ou should only read from thctr controlling locations, and noi write to them 
Ihce Strobe Outputs, above! 

Snfl Switches Soli Switches arc two-position switches in which cash side of the switch is con- 
trolled by an individual memory location. If you reference the location for one side ol the 
switch, it will throw the >wnch thai way. if you reference the location for the other side, it will 
thro* the »wneh the other way. It sets the switch without regard 10 its Twiner wiling, and thete 
ts no way to determine the position a soft switch is in You can safely wrile lo *oft switch con- 
trolling locations two pulses are as good a* one DM -Strobe Outputs, aoovel The Annunciator 
outputs and all ol the Video mode elections are conlrolled hy soft switches 



Ihc -peeia! memory locations which control the huilt-m Inpul and Output functions are arranged 
ibus 
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kes lo abbreviations 
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Set ORAPIIICS mode 
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Set TLXT mode 


>miv 


Scl all lest or graphics 




Mis test and graphic 


pri 


Display primary page 


HC 


Display secondary page 
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Displ-> I.ow-Ko liraphic\ 
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Display lli-Rc* (iraphics 1 
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Annunnaiot outputs 
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Pushbutton inputs 


fe 


dame Controller inputs 


ein 


Cassette Input 



PERIPHERAL BOARD I/O 

Alonn the hack »f the Apple's main hoard is a rim ol eight long "slots", or Peripheral Connec- 
tors Into seven of ihe^e eight slots, you can plug any of many Peripheral Interface boards 
designed especially for the Apple In order to make the peripheral cards simpler and more versa- 
tile, the Apple's circuitry has allocated a lolal of 28" byte locations in the memory map lor each 
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of seven viol* There is also a ?K byte "ii»mmtin area", which all peripheral curd* tn your Apple 
CW '■hale 



Each slot on the board i* individually numbered. with ihe ielimnsi *lot railed \Sloi *" and ihe 
rightmost culled "Slot 7" Sloi • w special n i* meant lor RAM. ROM. Q> Interface expansion 
All iHhcr slots 1 1 through ?> have special control line* gum* in ihcm which are active ui different 
lime* for different slot* 



PERIPHERAL CARD I/O SPACE 



Egg* slot is given sisiccn locations beginning .1 location *C*8» fin general input and output pur- 
poses rot AM » these l lW WII locations fall in the memory tinge SCM through SCURF, fin 
slot I. they're in Ihe range M i* *<* Ihtough St'MF. ITIMW Brrdl peripheral aid can use these 
ligations as 11 pjcascs lath peripheral card can determine when 11 is heme sclceicd bv listening la 
pin 11 leallcd IHA'lf f M l H Ti on its peripheral connect™ Whenever the voltage tin this pin 
limps tu vtihs. the addtcss which Ihe microprocessor is calling rs somewhere in that peripheral 
card's to-byle allocation The peripheral card can Ihcn look al ihe bollorn four address lines 10 
determine which of Its sisteen addresses is being called 



5<HS» 
KIWI 
KM! 
kww 
sox» 

SOI* 
SCM» 
KM 



it SI 



I aid.- :t Peripheral ( aid 1/(1 I .Kalia ns 

s.' St SI S* it. S" Sv. S't SS Sit S( Sll SI SI 



Input/Output for slot number 



PERIPHERAL CARD ROM SPACE 

Each peripheral slol also h** reserved lor it one 256-byte page of memory This page is usually 
used to house 256 byic* of ROM or Pri-gramnwble ROM (PROM) memory. which contain* driv- 
ing prngram* or subroutine* for ihe peripheral turd In this wa,y. ihe peripheral interface raid* 
can be "intcllrgcni" lhe> contain Iheir own driving software, you do noi need to load separaic 
programs in order In use ihe interface rank. 

The page of memory reserved for each peripheral viol ha* ihe pane number SO. where n it ihe 
sloi number Sloi doe* noi have a page reserved for it, so you cannot use mow Apple interface 
curd*, in (hat slot The Signal on Pin I (called I70 SEf-fCTl of each peripheral slol will become 
active (drop from +5 Von l" groundl when the microprocessor is referencing an address- wtlhin 
that slol'* reversed page Peripheral cards can use ihi* signal to enable their PROM*, and use the 
lower eight address lines lo address each byte in the PROM 




I/O PROGRAMMING SUGGESTIONS 

The pn-yi . ■ in peripheral card PROM* should be portable, that iv 'hey should he able to funi- 
linn correctly regatdless Of "here they arc placed in ihc Apple's mcmor> map Thc> should con- 
tain no ahsolulc reference* 10 themselves They should perform till JuMP* with conditional nr 
fnned branches 

Of course, you can Mil .1 pcriphcrul card PROM »"h subroutine* which arc portable, and your 
only lOH Mould he that the peripheral card would be slot -dependent ir you're tramped for space 
in a peripheral curd PROM, you can save many bytes by making ihe subroutines sioi-dcncndcnl 

Ihc I'irsi thing thai a subroutine in a peripheral card PROM should do is 10 save the values of «« 
of the 65tJ"s internal register* There 1* a subroutine called K3SAVS in ihc Apple's Monitor 
ROM which docs just this It saves (he content* of all internal registers in memory locations (43 
throuih $49. in the order A-X-V-P-S This subroutine starts at location SFV4A A companion 
subroutine, called KMESTORE. restores all of ihe Internal registers from these storage locations 
You should call this subroutine, located at IFF1F, befote your PROM subroutine finishes 

Mom single-character input and output is passed in the 65*J's Accumulator During output, the 
character to be displayed is in the Accumulator. with its high bit set During inpul. your 
subroutine should pas* the charocter received from the input device in the Accumulator, also 
with its high bn set 

A program in a peripheral card's PROM can determine which slot the card is plugged into by cle- 
aning Ihis sequence of instructions 
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After u progum e«ccutcs these steps, the slot number which its card is in will be stored in the 
tSUFt V indes register in the formal S*w. where •• 1* the slot number A program in the RDM 
can further process this value by shilling it four bits to the left, to obtain infl 

It'll 9H IVA 
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•J 1 1 - 
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• 3 14- 

• 315- 

• 3 in- 
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'' \ 
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A program can use Ihls number in Ihe X miles register oilh Ihe riMI3's indescd addressine. ntode 
lo refer to Ihe srslccn I/O loealiom reserved lur eaeh card Hit esjmple. the instruction 
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IDA 



St»S«>, 



will load (he 65*s\ oceumulalor ssrlh iKe contents of the ll«>l l/l I loculion used h> Ihe peitphcial 

card. Ihe address IQW is Ihe tuw «Mm| faf Ihe firsl ii-.il used b> all eighl peripheral 

slnis The address StWI is the hase address Tor (he seetind I/O localmn. and so nn Here arc 
rhe hase addresses lur all srslccn I/O roculroiu on each card 



l.bl, !>: I/O location Bas. sMrr.sc. 
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PERIPHERAL SLOT SCRATCHPAD RAM 

Lath of the ctpht peripheral >k.u has reserved fuf ii X locution* tn ihe Apple \ RAM menvury 
Ihcsc M hwations are actuall) in memory panes W Ihrnugh SH7. .nsidc ihe aica reserved lor ihe 
le<l and Lo*-Rcsolulion Graphics video display lhc contents of these location*, however, tie 
n-u di*playcil on (he screen, and their mnicni* ate mil changed h> normal scree" opcraliom ' 
The penphctjl ejrdu eun u*e llMM toe.nion% (ni tcmporaf) MnrjKc nl ibu while the cird* are in 
<»pcralmn Ihcsc "vralehp.id" localtrms h.ive Ihe lollowin)? jildicssc*: 
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Slot II does not have any scratchpad RAM addresses reserved for u Ihc hW Addrevs locations 
arc used h> Apple DOS 3.2 -ml arc al-w« shared by all peripheral curds Some of these locutions 
have d.-dieuicd functions: location S7FII hold* the sloi number (in ihe formal SC'nf of ihe pen- 
pherjl c.rfd which it currenil) 1 active, and location SSH hold* (he shit numher of ihe disk eon- 
Holler card from which any active l>OS was hooicd 

B) using ihe slot number denied in ihc program example above, a suhrouiinc can dirccily 
reference any Df ils eight scuichpud locations 
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THE CSW/KSW SWITCHES 

The pan of locutions S)h u»d $J7 (decimal 54 and 55) ts culled CSW. for "Character output 
SWUch" Individually, location SJb is culled CSWL ICSW Low) and location S3? is culled 
CSWH (CSV HighT This pair of locution* holds the address of ihe subroutine which the Apple 
ts currenil) using (or smgle character ouipui This address is normally SITU *, ihe address of ihe 
COUT subroutine Isee page M» The Monitor s PRINT! R i ftTRl. Pi ' command, and ihe 
RA-SIf command PR0. can change this address lo be the address of a subroutine in a PROM on 

a peripheral card Roth of these commands put the address SOidW imo this pair nf iin n. 

where » is the slot number given in the command This is the address of ihc tirsi localion in 
whatever PROM happens lo he on Ihc peripheral card plugged into thai slol The Apple will ihen 
call this subroutine every nmc h wishes in output one character This subroutine can use Ihc 
instruction sequences given above to lind Us sloi numher and use Ihc I/O and RAM scratchpad 
locations for Hs sloi When il is finished, il can cither csccutc an RTS (RcTurn from 
Suhrouiinc) inslruclion. In return In ihc program or language which is sending ihc output, or II 
can lump lo Ihc C0U1 subrouline at localion SITH H. In display Ihc character on (he screen and 
then rclurn lo Ihc program which is producing output 



Similarly, locutions $.«» and J" (decimal Sb and 571. called KSWL and KSWll separately or KSW 



(Keyboard inpul SWiich) together, hold ihe address of ihc subroulinc ihe Apple it tuncnil) 
using fm single -eharacici inpul Ihc jddic** i* normally SIDIU, ihc address of ihc KfcYIN 
subroutine The Monitor'* KIMKIARO command l|(TBLK]t and ihc BASIC command IN# 
bolh change ihi* address to $0*1. again wiih « ihc **n numhci given in ihe command Ihe 
Apple will mil ihc *ubroulinc ai Ihc beginning of ihc PROM on ihc peripheral card in (Ml *lot 
whenever n wi*he* in gel a tingle character from ihc mpul device The subroutine should place 
Ihc mpul character mio Ihc f>5#?'* accumulator and ReTurn (mm Subroutine IRTS) The 
subroutine should *ei ihc high bil nl Ihc character befmc n returns. 

The subroutines in a peripheral card'* PROM CM change ihc *ldie*\*c* in ihc CSW and KSW 
twitches in poini to placet in ihc PRoM olhcr than Ihc very beginning Fnc ctamplc. a certain 
PROM could begin wiih . segmcni of code Id dcletminc whal slot n i* in and do some imiiali/a- 
llun. and ihcn jump in lo Ihc actual eharacler handling subroutine. A* nan of lis initialisation 
scyucnec. il could change KSW ot CSW (whichever rs applicable I In poinl diicillv lo the begin- 
ning ol ihc character handling suhrnuline Then ihc nesl lime ihc Apple a»k* for input of oulpul 
from thai CIRt, the handling *ubrnunncs will skip Ihe already-done imliali/alion sequence and go 
tight in W Ihc task at hand. ThKian use time in speed -sensitive silualinn* 

A peripheral card can be used for bolh input and output i\ its PRoM has scperjic subroutine* for 
Ihe separate functions and changes CSW and KSW accordingly The iniliali/ation *cnucncc in a 
peripheral card PROM can determine if it is being called for inpul or oulpul by looking ai ihc 
high parts of Ihc CSW and KSW switches Whichever switch contains SO is currently calling 
ihal card to perform us function If bolh switches conijln SO, then your suhroulme should 
assume thai n i* being culled for oulpul. 



EXPANSION ROM 

The 3K memory range Trom loculion SC8M lo SCFFF is reserved for a 3K ROM or PRt )M im .1 
peripheral card, lo hold large program* ot driving subroutines The c.punsinn ROM space also 
ha* ihc advantage "I being absolutely located in the Apple's memory map. which gives you more 
freedom in writing sour interlace program* 

This PROM space is available in all peripheral slots, and more than one card in your Apple can 
have an expansion ROM Hnwevei. only one c.panwon ROM can be active al one lime 

bach peripheral card'* expansion ROM should have a Hip-flop 10 enable il. Thi* flip-flop should 
he turned "on b> ihe Dl VlCt SIT III stgn.il Hhe one which enables the 256-bvic PROM) 
This means thai the expansion ROM on any card will he paiiialty enabled afler you Bn» ref erence 
ihe card it is on The other enable In Ihe cipansion ROM should be the I/O SIROllf line, pin 
20 on each peripheral connector Thi* line become* active whenever ihe Apple * microprocessor 
1* referencing a Incalion inside Ihc expansion ROM's domain When this line become* active, 
and ihe aforementioned flip-flop ha* hecn turned "on", ihcn Ihc Apple i* referencing the expan- 
sion ROM on Ihi* particular board Iscc figure 81 

A peripheral card's 2 56- byte PROM ran gain *olc acie** 10 ihc expansion ROM span: by referring 
to location SCFFF m lis iniliali/allnn subroutine This location 1* a special location, and all peri- 
pheral cards should recognize it a* a signal lo lurn their flip-flop* "ofT" and disable ihcir c*pun- 
*ion ROM*. Of course. Ihi* will also disable ihe expansion ROM on ihe card which is tiymg lo 
grab the ROM space, hul ihc ROM will he enabled again when the microprnecwir gel* another 
instruction from the 256-bytc driving PROM Now ihe c»pan*ion ROM 1* enabled, and 11* space 
1* clear Ihe driving subroulinc* can then jump directly inio the programs in ihc ROM. where 



M 



Heurr N. t tpanslmi ROM tnablr ( ircuil 



they can enjoy ihc 2K of BUBbfUCHd. jhwlutely located HMOMQ *pacc 

#332- 2C FF CF BIT SCFFF 
• 335- 4C 9$ ri JMP SCfll 

II u navtible io save circuitry Ut the expense ul ROM spacel on Ihc peripheral eatci by nul fully 
decoding Ihe special Iwahon address. SCFFF In fail, if ynu CM afford to lo« the bM 256 bytH 
ul your ROM *nacc, Ihc liJIn-ina simple circuit will do iusl fine 




Fltarr SOW l.. ( ..t„,. 
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CHAPTER 6 

HARDWARE CONFIGURATION 



SH llll Mil Kul'HdCrsSIIH 

*) 5YSTI SI MMING 

4? P|)W I K M PPLY 

04 HUM Ml M< IKY 

«5 RMIMIMUKY 

oi. llll \ IDEO GENtRATON 

97 Mill tml'IPI r JACKS 

•n linn i is i/o 

« ISI K I" IUMPIK 

III" Till OAML l/UlllNNbl MIR 

IIKI Mil kl >Hl>ARI) 

1(0 KlYBUARDCIINNtlKIR 

I0J CASSriTI INTIRI-Al I JAIKS 

104 POWfR (ONNICTOR 

IDS SPtAKFR 

103 Pl.RIPHFRAI (I1NNI1 IllKS 



THE MICROPROCESSOR 



rh»IM3 kDmuMMNi 




Model 


MCStSt2/SY6Sn 


Manufactured b» 


mos Technology. Inc 

Syncriek 
Rockwell 


Number of instruclnim 


56 


Addressing modes 


1) 


Accumulator* 


1 (A) 


Indc* rcgislcrs 


2 fX.V) 


Other register* 


Slack pointer <S> 

Pt(Kc«m sUMm (P) 


Slock: 


256 bylcs. fixed 


Swim tup: 


N lugn! 
C 1 curry) 
V (overflow 1 


Other flags 


1 llnierrupi disable) 
1) (Oeiimal arithmetic! 
H (Break) 


Interrupts 


2 URO. NMU 


Kegels 


1 IRFS) 


Addressing range 


J M (64K) locution* 


Address hus 


16 nils, parallel 


Puta hu>. 


X bus. parallel 
Bidirectional 


Voltages 


+3 mil! 


Power dissipation 


-25 wall 


Clock frequency 


1 023MHz 



The mtcroprocwoi gels lis main liming signals. «W and *l. from ihc timing citciiiU described 
below. These ire complimentary 1 02JMH/ clock «igiuls. Various manuals, including the MOS 
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Technology Hardware manual, use ihc designation '1'2 for (he Apple's <!•# clod. 

The microprocessor use* its address and daia buses only during the t»mc period when 'I'd Bl 
active When is low. ihc microprocessor is Joint internal operation* and due* not MM the 
ii.i i -i unJ address (hi so 



the microprocessor has ti 16-bn address bus and an H-bit bidirectional daia bu* The Address bus 
line* lire buffered by three ST 1 *' ihrcc-suie burter* at board locution* H3, 114. and HS, The 
address lines arc held open only during a DMA cycle, and arc active -it all olher limes The 
address on the address bus becomes valid about 300ns alter <M goes high and remains valid 
Ihrough all of «M» 

The data bus is buffered through iwo BI28 bidirceiinnal three-stale buffer* at board location* 1110 
and MM Data from Ihc microprocessor is put onto the bus about >00n* after +1 and ihc 
READ/WRITE signal Mt/W) both drop to zero At all other limes, the micriipcixewm is cither 
listening to or ipnonng ihc data bus 

I M HDV . RF5. rRO. and KMl line* lo the mieroproccMor urc all hekl high by UK Ohm resas- 
tor*, to +5v These lines also appear on the peripheral connector* Iscc page 105) 

The SLT OVERFLOW (SO) line to the microprocessor is permanently tied Id ground 



SYSTEM TIMING 



libit 27: limine S, t nal Descriptions 



MM: M.i-Ui * .^ilL.cor output. 1 4 US MM/ Ml in K signals .uc 

derived ftom this signal 

7M: Intermediate liming signal. 7. 159 MM/. 

COLOR HEF Color reference frequency. 3 580MID Used b) ihe video gen- 
erulion circuitry 

*• (4)2J Phase • sysicm clock. I 023MM/. complimcni io*l 

<!>! Phase I sysicm clock. I 023 MM/, compliment to <h* 

03: A general-purpose liming signal, twice the freyuency of Ihc sys- 

tem clod*, but asymmetrical 



All penphcral connectors get the liming signals 7M. *». *l. and Q3 The t""mg signals I4M 
and COLOR KFF «e nol available on the penphcral amnecHKs 



,,_r 



" L 



"L 



M M Aildrc" X 



Dulu liom 65t2 (read! 



DjIj in f>5#2 <wfilc) 



-1 h- 



V Sec <t5*2 Hardware 
' manual* for detail* 



Hgiirr II. limine Signals and Htlaliimships 
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POWER SUPPLY 



1 h. Ipplr Power Supply U.S. Palrnl #4JM.M2> 


Input voltage: 


107 VAC 10 IJ2 VAC. or 
214 VAC lo 264 VAC 
(switch selectable" i 


Supply voltages: 


+5.0 
+ 11.1 

-12.0 
-5,2 


Power Consumption 


Ml watts nut. (full loud) 

79 watts nui (intermittent"! 


l ull I(i4il power output 


*-5v: 2.5 amp 
-5v 250m* 

+ I2v: t.5 amp< — 2.5 amp intermittent"* 
-I2v: 250ma 




55c IIM* Farcnhcill 



Ihc Apple Power Supply i* a high-voltage "switching" power supply While most oiher power 
supplies u>e a large transformer with mam windings lo convert (he inpul voltage into many letter 
voltages and then rectify and regulate these lesser voltages, the Apple power supply first co B W rt l 
the AC line voltage into a DC voltage, and ihcn use* ihts DC voltage to duvc a high-frequency 
oscillator Trie output of this ovctllaior is led mm a small transformer with many windings The 
wilt ages on the secondary windings are ihcn regulated tn become the output tottages 

The *5 soli output voltage is compared lo a reference voltage, and the difference errctr is fed 
back; mio Ihc uscilUriof circuit When ihc power supply \ oulpui MfH In move oul of iis toler- 
ances, the frequency of ihe oscillator " altered and the voltages return lo ihcn normal levels 

If by chance one of the output vollagcs of ihe power supply Hi short -circuited, a feedback circuit 
in the power supply slops Ihc oscillator and cuts all ouipul circuits The power supply then 
pauses for about '■'.< second and ihcn attempts to restart the oscillations II the output is sidl 
shorted, it will slop and wait again li will continue this cycle until the short circuit is removed or 
the power is turned off. 

If the output connector of the power supply is disconnected from the Apple board, the power 
supply will notice this "no loud" condition and effectively short-circuit itself This activates the 
protection circuits described above, and cult all power output This prevents damage lo the 
power supply's internals 



• Ihe iiUiaac him.pi ..tun ,* nu pnrfli on turn* Spnln 

** Ihc piari iupp*> tan run ?0 minuio aiih an intrimtiimi livd tl (iJmwtij b> 10 mmtile* at nc*nul kual 
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Vliutr 12. Pnwrr Suppl> Schrmafic Driving 
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If one t>t Ihe outpul voltages leaver us tolerance range, due id any problem cither wnhin or 
cKictrul lo llic power supply, it will again shut itscll down <o prevent damage lo Ihe components 
on ihe Apple board This insurer that 4» voltages wtll either be correct and in proportion, or they 
will be shut ofT. 

When one of the above fault conditions occur*, the iniemal protection circuits will slop Ihe ns.il- 
lation* which dnvc the transformer After a short while. Ihe power supply wtll peiform 4 HUM 
cycle, and attcmpi to oscillate again If Ihe fault condition bus not been removed, the supply will 
again shut down Thi* cycle can continue infinitely without damage lo ihe power supply l-'acfi 
lime the oscillator shuts down and restarts, its (resiliency passe* through the audible range and 
you can hear ihe power supply squeal and squeak Thus, when a fault occurs, you will hear a 
steady "click click click" emanating from ihe power supply This is your warning iriai something 
is wrong with one of Ihe voliagc outputs. 

Under no circumstance* should you apply IDOTO ihuil 140 VAC 10 the input of the transformer 
(or mote than 280 VAC when ihe supply's switch is m the 220V position > Permanent damage lo 
the supply will result 

Vou should connect your Apple's power supply to j properly grounded J- wire oullei It is very 
important ihal the Apple be connected 10 a good earth ground 

C'AUTtON. There arc dangerous high voltages inside Ihe power supply's case Much ol ihe 
internal cncuitry is «<" isolated from ihe power line, and special equipment 1* needed for service 
IK) NOT MTTMPI TO HI-PAIR VOI R POV.fR SI PPI.V! Send 11 1.. >ouf Apple dealer lor 
service. 



ROM MEMORY 

The Apple can support up lo sis ?K by II mask programmed Read-Only Memory l(_"s One of 
these sit ROMs is enabled by 1 74LSIJH al location H2 on the \pplc's board whenever ihe 
nticroproccsvir'* address hus holds an address between SIHMD and SI TU- The eighl Data out- 
puts of all ROMs arc connected lo the miCTopn«**or's data line buffers, and ihe ROM's address 
lines ore connected lo the buffers driving Ihe micropn«;cssor's address lines A# through A IB 

The ROMs have three "chip select" lines lo enable them CSI and CSJ, bolh aclivc low. arc 
connected together to the T4LSI38 at local ion PI2 which selects the individual ROMs CS2. 
which is active high, is common lo all ROMs and is connected to the IN11 (ROM Inhibit) line on 
(he pcnphcial connector* If a card m any peripheral slol pulls this line low, all ROMs on the 
Apple board will be disabled 

The ROM* arc similar lo type 2JI6 and 2'l6 programmable ROMs However, the chip sclccls 
on most of these PROMs arc of a diffcrcni polarity, and they cannot be plugged diiccily into the 
Apple boaid 
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RAM MEMORY 

The Apple use* 4k and loK dynamic HAM* for its mam RAM sloiage This HAM mcmM)' " 
used by both ihc microprocessor and ihe vtdco display circuitry The microprocessor and ihc 
video display tnlerleavc their use of RAM ihc mkropioeessor reads from or writes lo HAM only 
during M, and the video display refrcshc* its screen from RAM memory during <M 

The three 74L5l53s H Ell, EI2, and EIJ. Ihc 741S2K3 at E14, and half of I he 74LS257 n C12 
make up Ihc address muliiplcscr for Ihc RAM memory They lake the addresses gcncralcd by 
the microprocessor and ihc video generator and multiple* them onto sin RAM address lines. The 
other RAM addressing signals. RaS and PXS, and ihc signal which is address line 6 for 16K 
RAM* und C5 for 4K RAM*, arc generated by the RAM selccl circuit This circuit is nude up Of 
too 7415139s al E2 and ij. half of a 74LSI53 at location CI. one and a hair 74lS257s at CI 2 
and II, and (he three Memory Configuration blocks al Dl. hi. and Fl This circuit routes sig- 
nals lo each rot* of RAM. depending upon what lypc of RAM <4K or I6KI is in lhal tow 

The dynamic RAMs are refieshcd automatically during 4»l by the video generator circuitry Since 
the video screen is always displaying al least a IK lange of memory, it needs lo cycle Ihrough 
every location in thai IK range atxiy limes a second li so happens (rut this action automatically 
refreshes every bit in all 4BK bytes of RAM This, in conjunction with ihc interleaving of the 
video and microprocessor access cycles, lets the video display, ihc microprocessor, and Ihc RAM 
refresh run al full speed, withoui interfering with each other 

The data inputs to the RAMs are drawn directly off of the system's data bus The data outputs ol 
Ihe RAMs arc latched by two 74LSI74* *i board locations B5 and B8, and arc multiplied with 
Ihe seven bits of dala from ihc Apple's keyboard These lalchcd R AM outputs are fed directly to 
Ihc video generator's character, color, and dot generators, and also bock onto the system data bus 
by two 74LS257s at board locations B6 and B7 
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THE VIDEO GENERATOR 

There are 192 wan lines on ihc video wrecn. grouped in 24 line* of eight wan lines each Fach 
wan line dupiflfl flDfM or all of >ne eonicnis of forty hyies of memory 

The video generation circuiiry derives us synchronization and timing signals from a chain of 
741S16I counter* at hoard locations Oil through I»4 These counters generaie fifteen syn- 
chronization signals 

H* in m h3 H4 us 

V* VI V? V3 V4 
\ V \ H VC 

Ihc ~M~ family of signals is the horizontal hue position on the screen, from MMW to binary' 
1MHII i decimal if Ihc signals V« through V4 arc the vertical line posiiom on ihc wrecn. 
from binary 90MV to binary 101 1 1 (decimal 23) The V A. Mi and VC signals arc ihc vertical 
wan line position within ihc vertical screen line, from binary •*» to III Idcomal 7 1 

These signals arc sent lo Ihc RAM address multiplexer, which turns Ihcm into Ihc address of a 
sinjile RAM location, dcpcndcnl upon the selling of Ihc video display mode soft switches (see 
below! The RAM multiplexer then wnd* Ihis address lo ihc array of RAM memory during 'M 
The latches which hold the RAM data wnt by the RAM array reroute H lo the video generation 
circuit The 741S283 at location rearranges the memory addresses so thai the memory mapping 
on the screen is scrambled 

If ihc current area on the screen is to be a text character, then the video generator will route the 
lower six toils of the dala, tp a type 2513 character generator at location AS The seven rows in 
each character are wanned h) the VA, VB. and VC signals, and the output of the character gen- 
erator is serialized into a stream of dots by a 74166 at location A3 This bit stream is routed to 
an exiiusivc-OR gate, where n is inverted if the high bit of the dala byte is off and cilhcr the 
sixth bit Is low or the 5S5 timer ai location B3 is high This produces inverse and Hashing charac- 
ters The tcxi bit stream is then sent to the video sclccior/multiplcxcr (below). 

If ihc Apple's video screen is in a graphics mode, then the data from HAM is sent to Iwo 
7 4I.M I >4 shift registers at board locations B4 and BS1 Mere each ny/bble i* turned into a serial 
data stream. These two dala streams arc also sent lo the video selector/multiplexer 
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The '415257 multiplexer at hoard posilion A8 selects between Color and High -Resolution gruph- 
ns dispUys The serialized Hires dot stream is delayed one-half clock cycle by ihc 74LS74 di 
loculmn AM il ihc high hit <il the bylc is «i. This produces ihc ulicrnaic color set m High- 
Rcsnluiion graphics mode 

The video scleclor/muliiplevcr mixes ihe Iwn data streams fnim ihc above sources according in 
ihc selling ul ihe video screen soil switches The 74LSI94 j| location AIO and the 74L5I5I at 

V' select one i>f the serial hit streams Tor icsl. color graphics, or high-resolution graphics 
depending upon Ihe siieen rmaJc The lin.il serial outpul is mixed wilti the composite synchroni- 
zation signal and ihe coluf hursl signal generated by Ihe video sync circuits, and sent lo the video 
outpul eonncctnrv 

The video display soil switches. which com ml ihc sideo modes, jic decoded as pari of Ihc 
Apple's on-hmml I/O fund runs Lofjc gale* m board locutions BI2. BIX Bll. A I?, and All are 
used lo MttHl ihe various video modes 

Ihc color hursl signal is created by logic gales .it BI2. BIX and CI3 and is conditioned by R5. 
coil I I. d, and inmmer eapueilur C3, This inmmei ciinacilor can be tuned lo vary the unl ol 
colors prudwccd by the video display Transistor Oft and its companion resistor R27 disable the 
color hurst signal -hen ihe Apple is disputing test 



VIDEO OUTPUT JACKS 

The video signal generated h> the aforementioned ctrcmiry is an NTSC compatible, similar lo an 
HA standard, posilivc composilc video signal which can be fed lo any standard closed-circuit or 
sludio video monitor This signal is available in three places on the Apple board: 

RCA Jack On (he back of the Apple board, near ihc nghl edge, is a standard RCA phono lack 
The sleeve ol ihrs >uck is connected to the Apple's common ground and the tip is connected to 
ihc video ouipul signal through a 200 Ohm potentiometer This potentiometer can adiusi Ihe 
solugc on this connector front to I voll peak 

Auxiliary t idco CMUMftW On the right side ol the Apple board near ihc back is a Molex 
KKIOO scries conncclor wiih lour square pin*. 25" lull, on 10" (tMn This connector supplies 
Ihe composilc video oulput and I wo power supply soilages this connector i* illustralcd in figure 

15. 





lablc IS 


\uxillar> \ Id.o 1 hilpul 1 minrclot Signal Inscription* 


I'm 


\jmc 


(k-wnntmn 


1 


UKOI Nl) 


Sywem common ground. volts 


I 


VIDEO 


MM compuliblc positive composite video Block level is 
uhoul 75 voll. while level ubuui 21) vol), sync tip level is 
volts Oulput level is noi adjustable Tins is nol pfolccled 
against short circuits 


1 


+ l?v 


•f 12 vnll power supply 


■4 


-Sv 


-S voll line from power supply 
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\u\iUari Vldra Pin This single metal wire- wrap pin below the Auxiliary Video Output Connec- 
tor supplies the same video signal available on that tonncctiir It is meant in he j connection 
point Inr hurapplc PA1 /Mil" AM encoder boards 



0- 



PlRim I <■ Auxiliary V Id.-.* < >mput ( .innitlnr and I'in. 



BUILT-IN I/O 

The Apple s hmll-ln 1/(1 (unctions arc mapped Into I2K memory location* beginning at »< tHW 
On the Apple hoard, a 74I.SI3H Jl locution FI3 called ihc I/O selector decodes these 128 special 
addresses -nil enables the various functions 

The 741. SUN is enabled h> another 'UK ul location III? whenever the Apple's address bus con- 
tains an address between S( OH and m HI I The I/O selector divides this 256-byic range into 
eight sittccn-byte ranges, ignoring the range W BIB through W III I luich output line ol the 'I3B 
becomes active (low) when us associated 16-byte range is being referenced 

The "•" line from the I/O selector gates the data from the keyboard connector into the RAM 
data multiplexer 

The "I" line from the I/O selector resets the '4LS74 Ibp-fW j| BIO. which is the keyboard flag 

Ihc "2" line niggles one hall ol a 74LS74 at locution KIT Ihc output ol" this flip-flop is con- 
nected through a resistor network to the lip ol the cassette output lack 

The "3" line toggles the other hall of the 74LS74 at KI3 The output ol this flip-flop tat con- 
nected through a capacitor and Darlington amplifier circuit to the Apple's speaker connector on 
Ihe right edge ol' ihc hoard under the keyboard 

The "4" line is connected directly to pin s ol the Oamc I/O eonnceior This pin is the utility 
< /nt slkuiti 

The "5" line is used I" enable the 74I.S259 at location FI4 This K contains the soil switches 
for the video display and the (iume I/O connector annunciator outputs The switches arc selected 



/ 

i» ihe address lines I through 1 .mil ihc setting of each twitch is controlled by address line $ 

Ihe "6" line i* used i" enable a T4LS251 eight-bit multiplexer at location 1114. Tim multi- 
plexer, when enabled, connect* one of it* cinht input line* to the high order bit (bit 71 of the 
itiice-sutc system data ho* I he bottom ihiec uddrevs lines control which of ihe eight inputs ihe 
multiplexer choose* loui «f the twin's inputs come from n 553 quad timer .i location 1113 

Ihe input* to tins mitci ne the game controller pins on the liamc I/O connector. Three other 
input* to the muhiplMtn EMM tntO the singlc-bti Ipushbuttonl inputs on (he (iame I/O connec- 
tor The Us! multiplexer input come* from * 741 OtJ OT tl w l amplifier at location K13 The 
input to thi* op amp come* from the cassette input iaeV 

The "7" hue from ihe I/O selector resets all four timer* in the 553 quad timer at location 1113 
The four mpuis m this timer come from an RC network made op of four 022m F capacious, 
lour 100 l Hun rcusiors. and the variable resistors in the game controller* jiuihed in ihe Game 
I/O iimnccinr The total lesisunce in each of the four liming circuits determines Ihe timing, 
characlcmtic* of that circuit 



"USER I " JUMPER 

There u an unlabeled pair of solder pads on ihc Apple hoard, to the Icll of *kM tt. called Ihc 
"User I" (umpcr This jumper is illustrated in Phnin 8 If you connect a *irc between these two 
pads, then ihe I SI-K I line on each peripheral connector* become* uctise It am perip heral card 
pulls thi s line Uiw. alt internal I/O decoding i* disabled The I7T) StLfCl and the DFV1CF. 
SEUFCT line* all go high and will remain high whdc USfcR I i* low. regardless of Ihc address on 
the address bus. 



The USER I Jumper 




Ph..loK. Ihe I SIR I Jumper. 



THE GAME I/O CONNECTOR 
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+ 5v 

i Hi sTRoBi 



Description 



6.7.10.11 GCtCCl 

I Cind 
12-15 ANH-ANJ 



♦ 5 vol! pnwcr supply Total current drain »n thi* pin must be 
less than 100mA 

Single-bit (Pushbutton! inputs These are standard 74lS series 
TTI inputs 

A general-purpose sunt*: Thu line, normallt high, cues l<.« 
during 'Ml o( a read or write cycle to any address (mm 5<H4tl 
through ICMF Ihis is a standard 74LS TTL output 

Ciame controller inputs These should each be connecicd 
through a ISOK Ohm variable resistor to + 5v. 

System electrical ground 

Annunciator outputs These arc standard 74LS series TTL out- 
puts and must be buffered t( used in drive other than TTI 
inputs 

No internal connection 



THE KEYBOARD 



The Apple's hulli-in keyboard is built around a MM574Q monolithic keyboard decoder ROM 
Ihc inputs to Ihi* ROM. on pins 4 through I J and 22 through II, are ninnccted to the matrix ol" 
kcywlchcs on the keyboard The outputs ul this ROM arc buffered h> a 741)4 and are connected 
to the Apple's Keyboard Connector (see ficlowl 

The keyboard decoder rapidly scons through the array o( keys on the keyboard, looking Tor one 
which is pressed. This scanning aclmn is controlled by the (rcc-running owilUlor nude up of 
three sections of a 7400 at keyboard localion U4 The speed of this oscillation is controlled by 
C6. R6. and R7 on the keyboard's pnnted-ctrvuit hoard 
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I teurr 17. Sctienmiic of the Applr kv>lmjid 
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I In- RUM , kc> on ihc fcc»Nkiid i> connccicd ■ isS nniet iircuii hoard l"«.oin.n I ■ ' itv 
keyboard. This chip und the capacitor and three resislot* around n generate ihc 1011/ "Kl IVaT" 
signal If Ihc 720K Ohm resistor H.l » replaced with a <cMM.tr id j timet value, then ihc 
key repeal characters tit a Inslcr talc 

Sec Figure 1 1 for a schematic diagram of ihc Apple Keyboard 



KEYBOARD CONNECTOR 

the data from Ihc Apple's keyboard goes directly In ihc RAM data multiplexers and latches, ihc 
two 74LS?-"s ul locutions Bo and B7 The STROB1. line tin ihc keyboard connector set* a 
74LS74 flip-flop at location BUI When the 1/(1 selector activities its "•" line, the data which is 
on the seven inputs on Ihc keyboard connector, and Ihc stale of the strobe flip-flop, arc multi- 
plexed onto Ihe Apple** data bus 



I'm 


laid. 

Name 


III kobcaril 1 itnnect.it Signal Ih-se ripliutts 


1 


t <IV 


+ s toll power supply Total current drain on this pm must be 
less than IJOmA 


2 


STROBE 


Strobe oolpul from keyboard Thi* line should be given a pulse 
al leasl 10ms Ions <-*" l -' n l,m « ■ Nl l> pressed on the keyboard 
Ihc strobe can be of either polarity 


3 


RESET 


MKToprocc«ot\ ft"FSET line Normally high, iht* line should 
he pulled low when the jit SI t| billion is pressed 


4.9.16 


NC 


Nn connection 


5-7, 10-13 


Data 


Seven hit ASCII keyboard data inpul 


- 


I.nd 


System electrical ground 


1 ; 


-12v 


-1? volt power supply Keyboard should draw less ihan 
50mA 
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+5» 


; o 


/« 


NC 


SIKoBl 


2 


/J 


-llv 


RESET 


1 


It 


NC 


NC 


J 


II 


Dala 1 


Data 5 


t 


11 


Data a 


[>.la i 


tf 


II 


Dala 3 


n-i- & 


7 


1" 


Dala 2 


GnJ 


4 


>/ 


NC 



Ktcutc IH. 
krtbuard Connect ur I'iiwuK 



CASSETTE INTERFACE JACKS 



The (wo female mmiulurc phone tack* on ihc Kick of ihc Apple II board can tunned >oui Apple 
io ■ imiiii.ii home cumcUc lupc recorder. 

Canrttg Input J»ck llm jack w designed to he connected lo the "fcarphonc" or "Monitor'" 
ouipui jachi on moil tape recorded The input voltage riMHlM be 1 \t*ll pcak-li^pcak (nominal! 
The input impedance i* UK Ohm* 

Catvrttr Output Jack I iiis jack i\ dcMgned to be connected lo the " Microphone " input on 
mmt tape recorders The output voltage i* 2Smv into a 100 Ohm impedance liud 
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POWER CONNECTOR 



Tim conncclor male* wilh ihe cable from ibe Apple Power Supply This n an AMP #9-35028-1 
■.iv nr. male conncclor. 



1 H Po-.r ( oiinolnr Pin lhtcrlpllnn% 


P ■■ 


Njme 


Description 




1.2 


Ground 


Cnmmon cleclncal |round foi Apple board 




i 


+ Sv 


+ 5.0 void from f""*i't supply An Apple with 4SK 
and no peripherals draws - 1 5 amp from ihw supply. 


of RAM 


4 


+ I2v 


+ 12.0 volis from power supply. An Apple with 48K 
and no peripheral* draws -4Q0ma from (his supply 


of KAM 




-12v 


-12.0 volw from power supply An Apple with 4BK 
and no peripherals draw* — 1 2.5mn from this supply 


of RAM 




-5v 


-5 volt* from power supply An Apple With 48K 
jmi no pcrtphcLtN dt.i*. -OOma Ifom ihrs supply 


of RAM 




Hisurr 19. Pnwrr Connector 



KM 



SPEAKER 



I he Apple's internal speaker is dnven hv half Of j 74I.S74 flip-flop ihrough a LUrhnglnn umpliliei 
circuit The speaker connector fat * Mole* KKIOO «crie* connector. *iih two square piiu, 25" 
Ull. un .Iff* Mm 



I able 12: Speaker ( onnwfor Signal H,M<ipli.i" 

Pin Name Dewripiion 



SPKR Speaker wgnal This line villi deliver ahoul 5 wall mm 
Ohm load 



- - toll [X.Wl-l Mipri* 



Htjirr ti. Sprakrr I onnrchtr 



PERIPHERAL CONNECTORS 



I he eighl peripheral COrllUCHlll along the hock edge nf (he Apple's board arc WinchcMcr 
#2MW25CO-l 1 1 50-pm PC card edge ermncclnr* vrlih pins on 10" cenicrv The ninoul Tor ihcsc. 
connector* is given in figure 21. and the signal descriptions arc given on the following ruges 



o 



GND 


21 


i — | 








DMA IN 




[ , 






DMA OUT 












INT OUT 


NMl 


-"9 


c 




a 


DMA 


HQ 












MB 


J* 


: 


□ 


;j 


I/O STROBE 


INH 


'-' 


a 


□ 


IB 


NC 


- 12V 


33 


:n 




',i 


H/W 


-SV 


Ji 


c 




17 


A18 


NX. 


J3 


c 


□ 


Ifl 


A-.; 


7M 


M 


dl 


□ 


15 


At3 


09 


-'" 


c: 


p 


T4 


A12 




n 


;■ 


a 


TJ 


All 


USEH 1 








12 


a ■ B 


« 




c 


: 


11 




D£v:C£ SELECT 


J' 






rO 


u 


07 


43 


rcr 




9 


A7 


DS 


«3 


C 




6 


M 


D6 


JJ 




□ 


7 


i... 


EM 


49 






6 


S.l 


EM 


46 




□ 


9 


AJ 


0. 


47 






4 


A2 


Dl 


t- 






3 


Al 


DD 








-, 


AO 


• 12V 


H 






• 


1 SELECT 



o 



fhturr JI. IVriphrral ( onm-clur Ptnnul 



IM 



Iiihk 11 I'rriphrril I onncdot Slun*l l)«-v:riptl»n 


Pin 


Name 


IK-..HI' i 


1 


OuMIIC 1 


Ttm line, normullj hi|h. -ill become lo* when 

lh»* tllu'f f ttif ita~«*tuir ii'ti'ti'H. i - s nitfr* ^1 i. it hrf^* 

« is ihc individual sloi number This signal 
bMOM active during #fl and will drive 10 
LSTTL loads" This signal is not prcscni on 
peripheral connector B 


M7 


M Ui 


The buffered add i ess bus The address on 
ihcsc lines becomes vjlid during 'K and 
remains valid through <t>9 These lines will 
each drive 5 LSTTL loads' 


i g 


R'W 


HulTcrcd Rc*id/\s rile sijjit.i1 This becomes 
valid al ihc same time the address bus docs, 
and goes high during a read cycle and low dur- 
ing a wrtlc This line can drive up In 2 ISTTL 


i" 


SVNC 


On peripheral connector 7 imh\ ihis pin is con- 
nected lei Ihc video liming gcncralnr's SVNC 
signal 


30 


1 "-.IK 


This line goes low during *• when Ihc address 
bin conlains an address bclwecn SCKM and 
SCFFF This line so, ill drive 4 LSTTl loads". 


21 


Kl >\ 


The fc>«2's RDY inpul Pulling ihis line low 
during <l>l will hall ihe microprocessor, with Ihc 
addres* bus holding ihe address of the currcnl 
iintii hi^ini* 1<'!*hnt 


2! 


hsr 


Pulling Ihis line low disables ihe 65»2's address 
hus and halls ihe muroptoceswi This line is 
new nigo oy a mU rcsisior iO *jv. 


23 


INIOLT 


Daisy -chained interrupt output to lower prioni) 
device* This pin is usually connected in pin 28 
HNT IN) 


24 


DMA OUT 


Daisy -chained DM A output lo lower priority 
device** This pin is usually' connected to pin 22 
iDM-\ IN) 


IS 


+Sv 


♦ S soil power supply 500mA current is avail- 
able for all peripheral cards 


26 


CND 


Sysiem electrical ground 



* LiiMbn** hmiu kc Ini each (unplvril uli 
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lablr 31 Unnl'dl 


IVripl.ifal » unnicloi Signal Drscrlpllon 


I'm 


Name 


Dcv.fi plum 


27 


DM \ IN 


Daily -chained DMA input from higher priority 
device* Usually connected to pin 24 (DMA 
OUT) 


26 


INT IN 


Daisy-chained interrupt mpui from higher 
priority devices Usually connected in pin 23 
(INT OUT) 


29 


FTR1 


Non-Maskable Interrupt. When this line l* 
pulled low ihe Apple begin* an Interrupt cycle 
and jump* lo the interrupt handling routine at 
location S3FB. 


90 


IRo 


Interrupt RcOucM When this line is pulkd 
low the Apple begin* an intcfrupi cycle only if 
the 6502's 1 'Interrupt disable! Dan is not set 
If so. the 65#? will lump to the interrupt han- 
dling subroutine »hctw address is stored in 
location* > ■ i I and S3FF 


.'1 


kls 


When this line is pulled low the microprocessor 
bcgim a RESET cycle (see pane 36» 


32 


1MI 


When this line is pulled loss, all ROMs on the 
Apple board arc disabled This line is held high 
b> a 3K(1 icwvior lo 4 5v. 


33 


-I2v 


-12 volt po*er supply Masmum current Is 
200mA fw all peripheral hoard* 


U 


-5v 


-5 volt power supply Maximum current i* 
200mA for all peripheral board* 


.IS 


COLOR KtF 


On peripheral connector 7 »nf>. this pin is con- 
nected to the i MHl COLOR RtFeccncc sig- 
nal of the video generator 


36 


7M 


7MR| clock This line will drive 2 LSTTL 
loads* 


' T 


Q3 


2MH/ asymmetrical clock This line will drive 
2 LSTTL loads* 


IX 


•1 


Microprocessor's phase one clock This line 
will dnvc 2 LSTTL loads' 


31 


USER 1 


This line, when pulled low . disables all internal 
I/O address decoding" 



• I -- d-t( hmiti ur Im r»fi r*nr*>crai art 
M tMpW*l 



IM 



Tiblr 33 (nnl'dl: Prriphtral ( Minrctor Nlu»»l IK-scripilon 



Pin 
40 


Nunc: 

Si 


Description: 
Microprocessor'! phase zero clock This line 
will drive 2 LSTTL load*" 




1 >l \ U 1 

SI 1 1(1 


This line becomes <tc(ivc (low) on each peri- 
pheral connector when (he address bus is hold- 
ing jn jtldrc* between SC0n0 and SCtnF. 
where n is (he sloi number plus SK This line 
will drive 10 LSTTL loads* 






ouiicrcu oiuirciiionai uaij pus me data on 
(his line becomes valid iOOnS into >M on a 
wrile cycle, and should be stable no less than 
100ns before (he end of >M on a read cycle 
Each data line can drive one LSTTL load. 


so 


+ 12v 


f H voli power supply. This can supply up to 
I50mA loial Tor all peripheral cards. 



Iimilt air litt eaiti iwliphoil uiil 




Ill 




HKUfr 1X-4. Schematic DttfTMl »l Hir Apple II 
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PlRMI 22-6. StfcwHk DUitani »f Ihr Appl. II 
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APPENDIX 
THE 6502 INSTRUCTION SET 



in 



6502 MICROPROCESSOR INSTRUCTIONS 




III 



THE FOLLOWING NOTATION 
APPLIES TO THIS SUMMARY: 



EHnnnnnnmHE 

'■OuatJ *o'»>i C-* tfF> iMtu<m> 
om «ceunui*'oni 

Lm- i.i.i.i.i.iFrTTp 



hi 



PROGRAMMING MODEL 



*CCUMUL*TO* 



| J | C [ PfiOCESSO" STATUS "lOUTI" - 



INSTRUCTION CODES 
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HEX OPERATION CODES 




IB 



APPENDIX B 
SPECIAL LOCATIONS 



IN 



Tabid: Keyboard Special Locations 



SCIM 49152 -16384 Keyboard Dan 
SOU '9168 -16368 Dear Keyboard Slrobc 



r ..hi. -1 >„l,„ l)i,„la. \|,„.,„. 


an.o 






Lnds al 
Hex 


Dettaei 


Te<l/Lo-Res Primary S4M 1124 
Secondary S8M 2(41 


S7FF 
SHI 1 


2»47 

Mil 


Hi-Res Primary S2«*» 8192 
Secondary S4M8 16384 


S.'l 1 1 
S-l 1 1 


16313 
24575 







Table 5: 


Screen Sofl Switches 


Locution 
He< 


Decimal 


Descripllon: 


SC858 

SC851 


49232 
49233 


-16384 
-16383 


Display j GR VI'HICS mode 
Display TEXT mode. 


SI «52 
SC853 


49234 
49235 


■i63»: 

-16381 


Display all TEXT or GRAPHICS. 
Mn TEXT and a GRAPHICS mode. 


SC854 
SC»55 


49236 
49237 


-16388 

-16299 


Display (he Primary pane (Pajie It. 
Display ihe Secondary page (Page 2*. 


St <w. 
SI 857 


41338 
49239 


-16298 
-16297 


Display LO RES GRAPHICS mode 
Display Hl-RFS GRAPHICS mode. 



Table 9: Annuiniainr ->(... 


cations 


Ann. Stale 


Address: 
Decimal 


H» 


• off 

on 


49248 
49241 


-16296 
•16295 


SC858 
SC859 


1 off 

on 


49242 
49243 


-16294 
-16293 


SI Hi \ 
SC85B 


2 off 


49244 
49245 


-16292 
-16291 


5C85C 
SC85D 


3 off 

(in 


49246 
49247 


-16298 
16289 


SC85E 
Si 8SI 



HO 



Tible 


0. Inpui/Outpui Special l.ocit 




Function 


Decimal 


lie. 


Rcad/Wnlc 


Speaker 


mm 


-16336 


SC»3» 


R 


Cassette Oul 

I -i ■ ,-■!.• In 
V ■ I ■- ■ III 


19114 
49256 


-16352 
-16288 


St *28 
M ttoK 


R 
• 


Annunciator* 


4924* 
through 

40:47 


-16296 
Ihiough 
-16289 


SC158 
through 
Sc «■<! 


R/W 


1 lag inpun 


49249 
49250 


-16287 
-16286 


Si l>6 1 
SC962 
S( rlt.i 


R 
R 
R 


Analog Inputs 


49252 
49253 
49254 
49255 


-16284 
-16283 
-16282 
-16281 


S( tM,-l 

SC166 
SC167 


R 


\naU g ( leai 


49264 


•16212 


v 


R/W 


I nliiy Strobe 


49216 


Ib'.V 


tcm 


R 



1 


able II: Tot Window Special Locations 


Function 


Location 
Deom.it He« 


Mmlmum/Nuimal/Masimum Value 
Decimal Hex 


1 t 1 [djc 


32 S2« 


1/1/39 W/M/SI7 


W.illh 


33 S2I 


»/4»/4i S9/S28/S2S 


Top Edge 


34 S22 


»/»/24 SB/W/5H 


ltl.il. 1" i 1 k 'L 


35 S23 


1/24/24 S»/S1 8/518 



Table 12: Nurmal/lniersf Control Values 


Value 
Decimal 


lie. 


Effect: 


255 


Sll 


COUT will display characters in Normal mode 


63 


S3F 


COUT will display characters in Inverse mode. 


127 


S7F 


COUT will display letters in Flashing mode, all 
other characters in Imerse mode 




Table 13: Autostart ROM Special l ocation* 


Location: 
Decimal 


Hex 


Contents. 


Kit 

let i 


S3FJ. 
S3F3 


Soft Entry Vector. These two locations contain 
the address of the reentry point for whatever 
language is In use Normally lontains SfitiVl 


111 2 


53F4 


Power-Up Byte Normally contains 545 


64)67 
1-1169) 


SFB6F This is the beginning of a machine language 
subroutine ttrucll sets up the power-up location 
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Table 14: Pagr Hire* Monitor Locations 


\uiircss 
Decimal llc< 


Use: 

Monitor ROM Autostart ROM 


IM8 SJF» 
ItW S3FI 


None 


Holds Ihe address 
of the subrouline 
which handles 
machine language 
"BRK" requests 
(normaly SFAS9) 


S1H 

1(11 S3F3 


None 


Soft Entry Vector 


101 2 S3F4 


None 


Power-up byte 


1113 S3F5 
1(14 S3F6 
II1S S3F7 


Holds a "JuMP" instruction to the 
subroutine which handles Applesoft II 
"A" commands. Normaly S4C SS8 
SFF. 


1116 S3F8 
IIP S3F° 
Kill S3FA 


Holds a "JuMP" instruction to the 
subroutine which handles "User" 
llC'TSL VI) commands 


i v' ; 9 suit 
1028 S3FC 
1»21 S3FD 


Holds a "JuMP" instruction to the 
subroutine which handles Non- 
Mjsk-ihlc Inicrrupls 


1123 S3FE 
1123 S3FF 


Holds the address of the subrouline 
which li«mw Interrupt RcQucsu. 











Table 


22: 


Hull,- 


n I/O Local ions 




u 


Si 


S2 


S.l 






S6 


S7 


S8 S9 SA SB SC SD $E SF 


SCIM 


Keyboard Data Inpui 


s< m 


(. Ic 


r Keyboard Strobe 










si *:# 


< a* 


MM 


tuipui Toggl 












SCtM 


Speaker Toggle 


SI ttt 


Utility Strobe 


st mo 










pn 


it. 


lam 


hun 


tn$ | oil | in! | in] 


SCHw 






PC? 


pU 


id 


pel 


■d 




repeal KfcMtfcT 


SC»7i 


Gnmc Com utile 


Snobe 











Key lo abbreviations: 



V 


Set GRAPHICS mode 


u 


Set TEXT mode 


nomi* 


Set all text or graphic. 


mil 


Mi* Icit and graphics 


pn 


Display primary page 


sec 


Display secondary page 


tores 


Display Low-Res Graphics 


Mm 


Display Hi-Res Graphic 


u 


Annunciator outputs 


Pb 


Pushbutton inputs 




Game Controller inputs 




Cassette Input 
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I.blc IS: Pcrlpbrr.l C.nl I/O l.ocilloi 



S» SI 52 5! 54 55 5* 57 S« 59 5 A 511 SC 51) 51 51 



KM 

S09» 
SOA« 

Kim 

SOO 
SOD* 
SOEB 
ii .'I i 



Inpul/Oulpul Tot slol number 



\M, U I'.ripli.ml I nil I'ROM 1 ,.nlic,r.. 




5M 510 5!» S38 S4» 5-» 5o» 5I» SW 5W SAB SUB 51 » 511.1 51 B 5111 


SCIM 




1 


Km 




2 


Km 




3 


Km 


PROM space for slol number 


4 


Km 




J 


Km 




6 


51 




7 



B.,, 



T.blc 25: I/O I Miliar, B.« Addretw 



Aildreis 


• 


1 


2 


3 


4 


S 


6 


7 


S08B 


si m 


S09« 


51 11 \t 


SOBB 


Si BO 


Si BD8 


SOEB 


51 Bl 11 


sail 


scum 


SC»9I 


SOA1 


SC«BI 


soci 


SODI 


SOEI 


SOFI 


saw; 


S082 


S092 


SOA2 


SOB2 


SOC2 


SOD2 


SC«E2 


SOF2 


seem 


scum 


S093 


SOA3 


SOB3 


SOCJ 


SODJ 


SOE3 


SC»F3 


SCUM 


S084 


S094 


SOA4 


SOB4 


SC«C4 


SC>D4 


SOE4 


SOF4 


S085 


S«85 


5095 


SOA5 


SC«B5 


SC«C5 


SODS 


SC»E5 


SOF5 


S08b 


S086 


SC*>6 


SOA6 


SC«B6 


SCIC6 


ii mil 


SOE6 


SOF6 


SOB7 


S087 


S097 


SC«A7 


SOB7 


SOC7 


SOD7 


SC»E7 


SOF7 


SOB8 


SO88 


S098 


SOA8 


SOB8 


SCBC8 


SOD8 


SOEI 


SOF8 


SOS9 


SOS9 


S099 


SOA9 


SOB9 


SOO 


SOD9 


SOE9 


SCIF9 


SC08A 


SCHA 


S09A 


SOAA 


SC»BA 


SOCA 


SODA 


SCiEA 


SOFA 


sewn 


SCWB 


S09B 


SOAB 


SC«BB 


SOCB 


SODB 


SCKB 


SOFB 


sosc 


KMC 


S09C 


SC»AC 


SOBC 


sctcc 


SC»DC 


SOEC 


SOFC 


sosd 


SCWD 


SC»9D 


SOAD 


SC»BD 


SC«CD 


SC»I)D 


SOED 


SOFD 


SOBE 


SOBE 


S09E 


SOAE 


SOBE 


SCflCE 


SCBDE 


SC»EE 


SOFE 


S08F 


SC«8F 


S09F 


SOAF 


SOBF 


SOCF 


SODF 


SOEF 


SOIF 
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Table 16: I/O Scratclipid RAM Addfeisrs 


Base 








iloi Num&ci 






Add rest 


1 


2 


3 


■i 


5 


6 


7 


404 IS 


$8479 


$»47A 


S847B 


S847C 


$0471) 


$847E 


$»47F 


$04 F8 


$041 u 


$04FA 


$04FB 


$04FC 


$04FD 


$04 FE 


$04FF 


M578 


SBS79 


$05 'A 


V857B 


S0S7C 


$057D 


$857E 


$*S7F 


$05F8 


$85 F9 


$05FA 


$05 FB 


$0SFC 


$»5FD 


$85FE 


$»5FF 


$8678 


$8679 


$867A 


$«67B 


S067C 


$06717 


$»67F. 


$067F 


$06 F8 


$86 F9 


$06FA 


$86FB 


$06FC 


$»6FD 


$86FE 


$B6FF 


$6778 


$8779 


$877A 


S877B 


M77C 


$077D 


$»77E 


S077F 


$07F8 


so-i » 


sin a 


M7FB 


S87FC 


$07FI) 


$071 1 


S.'-l 1 
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APPENDIX C 
ROM LISTINGS 



IJ6 AUTOSTART ROM LIST1NO 
155 MONITOR ROM LISTING 
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AUTOSTART ROM LISTING 



0000 2 

000b 3 * 

0000 4 ■ AP*LC 1) 

ooog s • monitor ii 

0000 e • 

OOOG 7 • COPYRIGHT 197B BV 

0000 B • WPLE COMPUTE". INC 

0000 9 • 

OOOO 10 • ALL RICHT5 RESERVED 

0000 11 ■ 

OOOG 12 • 5TEVE UOZNIAA 

oooo ia • 

0O0O 14 

OOOO It - MODIFIED NOV 1 970 

OOOO IB > 

OOOO 19 

'BOO 20 ORO 4FBOO 

FBOO 21 OBJ 42000 

■BOO 22 Hlllll l llll t lllll l llll l NHI I I 

FBOO 23 LOCO EOU *00 

FBOO 24 LOCI E0U 401 

FBOO 23 wNDlFT EOU 920 

FBOO 2* UNDWDTM EOV 421 

FBOO 27 HNDTQP ECK> 922 

FBOO 28 MNDBTM EOU 423 

FBOO 29 CM EOV 424 

FBOO 30 CV ZOU 928 

FBOO 31 CBASL EOV 926 

FBOO 32 SBAEM EOV 927 

F0OO 33 DABL EOV 428 

FBOO 3* IABM eou •:•> 

F8O0 35 BAS3L EOv 92A 

FBOO 3« 0A82H EOV 42B 

FBOO 37 M2 EOV 42C 

FBOO 38 LWCH EOV UC 

FBOO. 37 V2 EOV 420 

FBOO 40 RMNEH EOU 420 

FBOO 41 n*8* EOU 42E 

FBOO 42 CHKSUn EOU *3C 

FBOO 43 FORMAT EOU 93E 

FBOO 44 LAST IN EOU 42F 

FBOO 49 LENGTH EOU 42F 

FBOO 4b S1CN EOU 42F 

FBOO 47 CO. OR EOU 430 

FBOO 4B MODE EOU 431 

FBOO 49 INVFLO EOU 432 

FBOO 30 PROMPT EOU S33 

FBOO SI VtAV EOU 434 

FBOO 92 VSAV1 EOV 939 

FBOO 93 CSUL EOU 43a 

FBOO 34 C9MM EOU 437 

FBOO 93 KBML EOV 43B 

FBOO 3* ASUH EOU 439 

FBOO 97 PCL EOV 43A 

FBOO 96 PCX EOU 93B 

'BOO 99 AIL EOV 43C 

FBOO AO AIM EOV 430 

FBOO ol A3L EOU »3E 

FBOO OS A2h COU 43F 

FBOO 63 A3L COU 440 

FBOO 64 A3M EOU 441 

FBOO (,9 A4L COU 442 

FBOO Mi A4H COU 443 

FBOO 67 A9L COU »«« 

FBOO 60 A3H COU 445 
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Feoo 

FBOO 
FBOO 
FBOO 

'BOO 



noo 

FBOO 
FBOO 
F«O0 

FBOO 
FBOO 
FBOO 
FBOO 
FBOO 
FBOO 
FBOO 
FBOO 
FBOO 



FBOO 

FBOO 
FBOO 
FBOO 

FHK 

FBOO 

FBOO 
FBOO 
FBOO 



FBOO 
FBOO 
FBOl 
FBCS 

FB09 

FflO« 
FB06 

FBO* 
FBOC 
FflOE 
FB10 
FB13 
FB14 
FBI fa 
FS1B 
FBI I 
FB1C 

FBie 

FB30 
FBJi 

FB34 

FB36 

FB2B 
F8J9 



A9 OF 

*»0 03 
*• EO 
85 2E 
Bl 3b 
45 30 
» ZL 



30 00 Ffl 
C» 2C 
BO II 
CB 

» OE FB 
*0 Fo 
c« 01 



6' ACC 

*c Mm 
?i run 

"5 STATUS 
^3 BPNT 
74 R*Dl_ 

n "moh 

»t PICK 



■ "OTE OVERLAP WITH ( 



eou *4B 

EOU «49 
EOU »*; 

EOU »4F 
EOu a«3 
EOU 90200 
EOU «3F0 
EOU «3Fi 



EOU •03FB 

EOU »03FB 

EOU S3F-E 

EOU woo 

EOU *07FB 

EOU «CO0O 

EOU •COOO 
•CO10 



KPOSTKH 

BO TATEOUT EOU MOJO 

91 BP*R EOU tC030 



1TCLB 
**3 TXTtCt 
94 HIXCUI 
99 rlllBCT 

9e L0U5CR 
97 H15CR 
"B L Oft EE 

•9 HIRES 

100 BCTaho 

101 CLRANO 
■Or BETAM] 



10) I 



104 GETAN2 

105 CL1AN2 
10a SEta«3 

107 CLRAN3 

IOB TAPflN 

109 PADDLO 



110 I 



BIO 



; C LRU OR 

112 BASIC 

113 BASICS 



NEU VECTOR FOR BRO 

VECTOR FOR WAR" 6TA»T 

TMIB HUST - EO" ••AS OF SCFTEV< 

APPLESOFT t E*IT VECTOR 



13* 

12* HLINE 
130 MLINE1 



FBU C9 2D 
FB2F 90 F9 
FB31 60 



EOU »C090 
EOU •C091 
EOU BC052 
EOU •C093 
EOU "COS* 
EOU «C055 
EOU BC0S6 
EOU «09» 
EOU *C09fl 
EOU CCO 99 
EOU »C09A 
EOU W09B 
EOU BC09C 
EOU «C05D 
EOU »C05E 
EOU SC09F 
EOU •COeO 
EOU «C0o4 
EOU »C0'0 
EOU aCFFF 
EOU «E00O 
EOU BE003 
PACE 
l3R A 

JSR OBASCALC 
PLP 

LDA ■•of 

BCC RTHAS* 
ADC ■•EC 
BTA nA5H 
LDA iGDAS. v 
E0» COLOR 
AND rWBK 
EOR iQBASli.V 
STA (0BA6LI. * 

RTS 

JSR PLC! 
CPV H3 

BCB RTBI 

INV 

JB* PLOTl 

BCC ML IKE 1 
AX #«01 

JSR PtOT 
PLA 

CMP V2 

ICC VLINEI 
NTS 
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10 «e 



PB40 
"843 
re** 
FB4* *0 

PM7 

FH4? 40 

FB4B 4* 

FB40 SO 03 
FB4B O 04 
FB4D 63 27 



CB6B OA 

FBbC 03 30 

FB6E: A3 30 

FB70 60 

PB7I 4* 

FB7a 0* 

FB73 20 47 FB 



FBTO 4* 

FB7C 4» 

F87D 44 

FBTE 4* 

FB7F 30 OF 

FBB1 00 

FBB2 

FBBJ AO 3A 

FBO« *4 3B 

FBBc SO 06 FD 

PBB* 20 4B FO 

FSK Al 3A 



FB02 bA 

«BV3 DO lO 

FB03 C9 A3 

r«97 FO OC 

FB90 JO 6' 



FBOD BD 62 FO 

FBAO 20 TO ta 

FBA3 DO 04 

FBA5 AO 60 

FBA? AO 00 



149 CLP SC. 



LOv NV 
BNE CLRBC2 
LD* »M7 
BT* V3 
LD* t«97 
1 CLPBC3 LDA 

BTA CO.C* 
' J3» VLINC 

DCY 

P^l CLPSC3 
I "T8 
s .'.C£ 

CBASCALC pma 

LSP a 

AND »*03 

OCA ••04 

9IA CB ASH 

P FLA 



SCC OBCALC 
adc «7P 
ST A GBASL 

ACL A 
ASL A 
OBA CfiAfiL 

ST A 0BA5L 
n T9 

LDA COLO* 

CLC 

ADC 0403 
AND ••Of 

5TA CQLOt. 
ASL A 

: 

ASl a 

ASL A 

C*A COLO" 
9TA COLOR 
RTS 



171 SETCOL 



207 I EVEN 



FBAO 



2)4 CETFMT TAK 



JSP OBASCALC 

LDA <OBASL>. < 
PLP 

BCC ftTnSMI 



LSB A 

LSP A 

AND ■•OF 

PTE 
PAQC 

LDX FCL 

LD* PCM 

JB* PB**2 
JS* PBBLNK 

LDA (PCL. ■> 
TAV 

LSB A 

CCC I EVEN 

BCS EPR 
Crt> a*AT 
BEO EBP 
AND ••B7 

LB" A 

TAX 

LDA FHT1. I 

jsh scrnx 
bne cetfmt 

LD* ■•BO 
LOA ••00 



13> 



FBAA BD A* F9 

FBAJ) 63 ZE 

fbaf 29 03 

FB31 B3 2F 



31* 
3>T 



LDA FMT3- « 
5TA FORMAT 
AMD ■■03 
BTA LENGTH 



FBBB AO 03 

FOB A EO BA 

>nc fo od 

rent *a 

FS1F 90 OB 

FSC1 «A 

FBC2 *A 

F8C3 0* SO 

fbc 5 oe 

FBC6 DO FA 

ftCB C« 

FBC 9 B6 

FBCA DO FZ 

FBCC *D 

FBCD FF FF FF 

F8D0 

FBDC 20 13 FB 

FBD3 *8 

FED* B 1 3A 

F8U6 SO DA FD 

FBD9 AS 01 

F6DB 20 4A F9 

F8DE CJ 2* 

F8E0 ce 

F8E1 90 FI 

FBE3 A? 03 

F8C3 CO OA 

F8E7 *0 FZ 

FBC *8 

FBEA AB 

FBEB D9 CO FO 

FBEE BS SZ 

F8"0 69 00 FA 

FB p 3 IS 3D 

FBF5 A9 00 

FBF7 AO C3 

FBF9 00 ZD 

FBFB 36 K 

F8FD ZA 

fbfe ee 

FBFF DO FS 

F90I 6« OF 

F903 ZO CD FD 

F904 CA 

F9Q7 DO EC 



EO 03 

06 ZE 

90 OS 

BD 03 Ff 

30 ED FD 

BD B9 F9 



F»l* 

F91B 
F9IB 

F91E 

F921 

F9S3 
F926 
F9J7 
F939 
F9ZA 

F92B 

F92D 
F930 
F93Z 



i 03 
30 ED FD 



335 

ZZ6 MNMDll 

337 

zze 

239 HNNDI2 

330 
231 

saa 

333 

334 HNND13 
333 



LD* ••03 
CP> 9«BA 
BED HMNDI3 
L5* A 

BCC BHNDI3 
L9R A 



Z39 1NSTD8F 
340 

241 PRNTOP 



Z43 
246 

247 
246 



319 
336 

2S7 NITCOL 
336 

359 FBHHZ 

360 



B*4 
3H 

366 

2*7 
366 

369 
370 

Z'l PRADR1 

272 

373 PR ADR 3 

374 

En 

37* 

377 

87* 



260 PR ADR 3 DEI 

361 



DC* 

BMC MNMDll 
"Tfi 

DFB «FF. «FF. i 
FAOE 

JOT IMSDS1 

PMA 

LDA CPCL>.V 
J9R PRBVTE 
LD« ••01 
JBR PRBLZ 

CPV LENGTH 
BCC PRNTOP 
CPV 6S04 

■CC PRNTBL 
PLA 

TAV 

LDA fINCKL. v 

STA LMNEM 
LDA MNEMR . V 

LDA ••00 

LD* M03 
A8L RWNEM 
«0L LnNCfl 
ROL A 
DC* 

BHE PRMMZ 
ADC ««BF 

JBR COUT 
DE* 

BNE MXTCOL 
JBR PRBLNK 
LD* LCNOTH 
LO* •■0« 
CPI ••03 
BEO PR ADR 3 
ASL FORMAT 
BCC PR ADR 3 

JBR COUT 
LDA CHAP2-1. : 
BEO PR ADR 3 

COUT 



363 

363 PR ADR 4 
364 

365 

38* PR ADR 3 

Z87 



BMI PRADR3 
JSR PRBVTE 

LDA FORMAT 

CMP MDB 



F938 
F93E 
F93C 
F9» 
F9JF 

F940 



aw 



41 JO W FO 



F94C 
F9*F 

F930 
F932 
F933 
F93* 
F936 
F9S6 



F93E 
F961 

F9fc2 

F9fc3 



"67 

F9A.B 
F96» 
F9AA 
F9fcB 
FV*C 
F960 
F94C 

F96F 



FC73 
F97* 

F973 
F97* 
F977 

F979 

■97* 

F97B 

F97C 
F97D 
F97E 



F9B1 
F982 

F983 
F4S* 
F99S 

F98o 
F9B7 
F99B 
F98"> 
F9BA 
F98D 



392 

an 
at* 

2»3 

296 "HNTYX 

297 PpWTAl 
29B PB.WT» 
299 

300 PI DIM* 

301 PHILS 

302 PBBL3 
303 

30* 

30* 

307 PCADJ2 

308 PCA0J3 
309 

310 
311 

312 PCADV4 



325 
33* 
389 
3Bfl 
» 

300 



33Ai 
J37 
331 
339 



343 
34* 
349 
>«f. 
347 
348 
349 
33C 

na 

393 
33* 
335 
33a 
337 

3W 



UM IPCLK V 
BCC •HADR4 
PACE 

JSR "CA0J3 

TM 

DO 

DNE PBMTYI 



IHV 
TVA 

JB» PltB'TE 
Tf» 

JW P«D*TF 
1.0* «»0j 
LDA MAO 
JSB COuT 



PEX 

p..> F 



IBL2 



BPL PCAOJ* 



■TB 

D"B ftOA 
DFB *20 
DFB 43* 
VI 930 
DFB 40D 
DF8 «B0 
DFB 40* 
DFB 490 

DFB 422 

DFB 434 

DFB 433 
DTD 40D 
DFB 480 
DFO 40* 

DFB 490 

DF| 40* 

DFB 420 
DFB 43* 
D*B 933 

DFB 480 
DFB 404 
DFB 490 
DFB 40* 
DFB 920 

DFB 434 

DFB 43B 
DFB 40D 
D»B 980 
DFB 404 
DFB 490 
DFB 4O0 
DFB 422 

DFB 444 

DFB 433 

DFI 90D 

DFB 4C0 

DFB 4*4 



DFB 4Z2 
DFB 44* 

DFB 433 
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FtBF cb 3bi dfb ace 

F99Q 44 342 DFfl 1*4 

"•I A9 3*3 DTI 9At 

Ftts 01 a*4 on «ei 

F9t3 22 365 DFfl 932 

F994 44 3M DFB »*4 

33 36' DFfl *33 

»**4 OD 34B DFB 

ra*»7 bo 36W dfb «eo 

raw 0« 370 DFB 904 

rat* *0 371 PFB 990 

Ft** 01 37? DFB Wl 

F9W 22 373 DFB 422 

FttC 44 374 DFB 944 

F**D 33 379 DFB 933 

F94E OD 374 DFB «OD 

Ft** BO 377 DFB 98C 

Ft*© 04 37B DFB *04 

FtAl tO 379 DFB 990 

F9A2 3o an DFB 926 

FtA3 31 311 DFB 931 

FtA4 B7 362 DFB H7 

Ft AS t* 303 D*B 4t* 

Ft*6 00 384 FP1T2 DFB mOO 

•t*7 SI 389 DFC 921 

FtAfl 81 3B6 DFB 4B1 

Ft** BS 387 DFB 4B2 

F9AA 00 388 DFB tOO 

FtAB 00 38* DFB 4O0 

FtAC 5* 3*0 DFB 999 

F**D 4D 3tl DFB 4*0 

FtAC 01 392 DFB 991 

FtAF 92 3t3 DFB 992 

FtBO Be 3t4 DFB 

F9B1 4* 3*9 DFB *4A 

FtB2 B9 394 DFB 489 

"13 *D 3*7 DFB m 

Ftt4 AC 3tB CHAB1 DFB 9AC 

FtBS At 39* DFB 9A9 

FW6 AC 400 DFB 4AC 

F9BT A3 401 DFB tA3 

F*BB AB 40? OP! 9AB 

FtB« A4 403 DFB 9A4 

FtlA D* 404 CHARJ DFB SD* 

FWD 00 409 DFB 100 

FtBC DB 4M DFB 9DB 

FtBD A4 407 DFB 9A4 

FtBC A4 40e D"B 9A4 

FtBF 00 40* DFB 900 

F9C0 IC 410 WCt D"B 91C 

F9C 1 BA 411 C*B 9BA 

F9C2 IC 412 DFB 91C 

FtC3 23 «I3 DFB 923 

FtC4 9D 414 DFE 99D 

F9C9 BP 419 DFB 9BB 

F9C6 lb 414 DFB 91B 

FtC? Al 417 DFB 9A1 

F9C8 tD 418 DFB 4tD 

F«;o ba 419 DFB 9BA 

F9CA IC 420 DFB 41D 

FtCB 23 421 DFB 423 

FttC *0 422 DFB 9tD 

FtCD BS 423 DFB 9BB 

F*CE ID 434 DFB 910- 

FtCF Al 429 DFB «Al 

F9D0 00 424 DFB 9O0 

FTO1 29 437 DFfl 929 

F9D2 19 428 DFB 919 

F9D3 AE 42t DFB «AE 

F9D4 69 430 DFB 96* 

FtD9 AB 431 DFB 4AB 

FtD4 1* 432 DFB 919 

F9D7 23 433 DFB 923 
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■«DB: a* 434 Dm »;* 

F9D9 33 433 DFB 453 

1 90* IB 434 DFB *1D 

F9DB 23 437 DFB 423 

F9DC 2' 438 DFB 424 

F90D 93 439 DFB 493 

F9DC 1* 440 DFB 419 

F9DF At 441 DFB 4*1 

F960 00 442 DFB 400 

F9E1 1* 443 DFB 41* 

F9C2 3D 444 DFC 43D 

F9C3 9B 443 DFB 430 

F9£4 AS 446 DFB 9A3 

F9E3 64 447 DFB U9 

F9E4 24 44| DFB 424 

F9E7: 24 449 DFB 424 

F9EB AE 430 DFB 4AE 

F9C9 A£ 431 DFB 4AC 

F9EA. AS 492 DFB BAB 

F9CB: AD 493 DFB SAD 

F9CC 29 494 DFB 429 

F9CD 00 493 DFB 400 

F9EE 7C 496 DFB 47C 

F9EF 00 437 DFB 4O0 

F9F0 19 49*1 DFB 419 

F9FI 9C 499 DFB 49C 

F9F2 60 4*0 DFB 46D 

F9F3 9C 461 DFB 49C 

F9F4: A3 462 DFB 4A3 

F9F3: 69 463 DFB 469 

F9F6 29 464 DFC 429 

F9F7 33 463 DFB 433 

F9FB 64 466 DFB 46' 

F9F9 13 467 DFB 913 

F9FA 34 DFB 434 

F9F8 11 469 DFB 911 

F9FC A3 470 DFB 4A3 

»9PD 6* 471 DFB 469 

F9FC S3 472 DFB 423 

F9FF AO 473 DFB 4A0 

FAOO OS 474 MMEW DFB 9DB 

FADt 65 473 DFB 462 

FA02 9* 476 DFB 49A 

FA03 46 477 DFB 44B 

FA04 26 47B DFB 426 

FA09 »2 479 DFB 462 

FAOA 44 480 DFB 444 

FA07 BG 461 DFB 4BB 

F*06 34 46? DFB 434 

FA09 44 483 DFD 944 

FAOA CB 484 DFB 4CB 

FAOB 94 4B9 DFB 494 

FAOC 66 48b DFB 96B 

FAOD 44 487 DFB 444 

FAOE EP 48B DFB KB 

FAOF 94 489 DFB 444 

FA10: 00 490 DFB 400 

FA1I B4 491 DFB »B« 

r*U 08 492 DFB 60S 

FAI3 84 493 DFB 484 

FA14 74 494 DFB 474 

FA13 84 493 DFB 4B4 

FA16 28 446 DFB 428 

FA17 6C 497 DFB 46E 

FA1B 74 496 DFB 474 

FA19 F4 499 DFB 9F4 

FA1A CC 300 DFB 9CC 

FA1B 4A 90I DFD 64A 

FAlC 72 902 DFB 472 

FA1D F2 903 DFB 4F3 

FAlC A4 304 DFB 6A« 

FAIF flA 309 DFB 4SA 

FA50 00 306 DFB 900 



14: 



i aa 

FU7 A2 

«»33 A3 

FA34 74 

FA23 74 

FA2& 74 

FA27 72 

FA2B 44 

FAS9 »8 

FA2A sa 

FA2B 23 

FA3C B2 

FA2D 00 

FA2E 22 

FA3F 00 

FA30 IA 

FA3I IA 

FA33 2b 

FA39 2« 

FA34 72 

PA35 72 

FA36 se 

FA37 ce 

FA38 C4 

FA39 CA 

FA3A 26 

FA3B 4S 

FA3C 44 

FA3D 44 

FA3E A3 

FA3F CB 
FA40 

F*40 85 ' 

FA42 „B 

F»43 4B 

FA44 OA 

FA49. OA 

FA4Q OA 

FA47 JO < 

FA49 6C f 



FA4D 

FA30 

FASl 
FA93 
FA94 
FA56 
FA99 
FA5C 
FASF 
FA62 
FA63 
F*66 

FAA9 
FA6C 
FA6F 
FA72 

FA 75 
FATS 

FA7D 
FA7E 

FAB I 
FAST 
FABS 
<AM 
FA8A 

fasd 

FA8F 
FA92 
FA94 
f A96 
FAT" 
FA90 



B3 3A 
B5 3D 

6C FO 03 

20 82 FB 
20 OA FA 
AC 65 FF 

DP 

20 04 FE 
W & FC 
20 93 Ft 
20 89 FE 
AD 58 CO 
AD SA CO 
AD 3D CO 
AD 5F CO 
AO FF CF 
2C 10 CO 
M 



50? 
909 



515 
51b 
917 
Bit 
519 
920 
931 
939 

939 

tat 

937 

83a 

530 
531 
932 
933 
534 
939 
934 
933 

■at 



DFB »A* 
DFB «A2 

DFB 6A2 
CB S74 
DFB 474 
DFB 474 
DFB 472 

DFB 6*4 
O'B *6B 

DFB SB 2 
DFB B 32 
DFB »B2 
DFB BOO 
DFB *22 
DFB 400 
DFB »1A 

DFB tlA 

DFB *26 

DFB 426 
DFB 972 
DFS 472 

DFD 4B8 
DFD KB 
DFB «C4 
DFB «CA 
DFB 42£ 

DFB 44S 
DFB 444 

DFB 444 

DFB 9A2 
DFD 9CB 

PACE 



FfiA 

ASL 1 

ASt • 

ASL I 



574 

B7I 
977 
97B 

57" FUSE" 



I 

< r cm 
■ huhvi 
INSDSl 
■ODB» 1 
HON 



555 
MO 
Mi 

362 INI TAN 

543 
9*4 



m 

CLD 
JS» 9ETHO0" 



miTTEN OVEF BV DISK BOOT 



DO this fimst ■ 



. si. 



SETVID 

5ETKBD 
SEI*NC . 

< SETAN1 | 
i CLRAN2 l 

i CLP.AN3 I 

I CLMOM i 
' KBDSTFB 



ANO - TTL MI 
AMI - TTL HI 
AW ■ TTU LO 

AN 3 ■ TTL LO 

TU«N OFF E1TNSN Mil 

■->-■■ -EYBOAHD 



BELL 

BOFTEV- 

■SA3 

PUF.EDUP . FUR 1 
PUHUP . NO BO 
SOFTEV ( 
NOFI» 
MEO 
SOFTEV. 
NOFII , 



CAUSE 6 DELAY IF KEY BOUNCES 

. IS RESET MI 

FUNNY COMPLEMENT OF THE 
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FA9D BC F3 03 

FAAO 4C 00 EO 

F**3 6C f3 03 
FAA6 

FAA6 JO 60 FB 

FAA9 

W A3 03 

FAAB BD FC F* 

FAAE 9D CF 03 

FAB I C* 

PAB3 DO FT 

FAB* A9 CB 

FAB6 60 00 

FAB8 03 0! 

FABA AO 07 

FABC Co 01 

FABE A3 01 

FACO C9 CO 

FAC3 FO 07 

FA£» BP FB 07 

FA;7 91 00 

FAC9 09 01 FB 

FACC DO EC 

FACE BB 

FAC e ae 

FADO 10 F3 

fads &c oo oo 

FA03 IA 

FABa E* 

FAD 7 

FADT 20 BE FD 

FA0C 63 40 

FADE AO 00 

FAEO BS *1 

FAE2 A3 FB 

FAE* A9 AO 

FAE6 30 ED FD 

BD IE FA 

FAEC 30 ED FD 

FAE* A9 BD 

FAF1 30 EO FD 
FAF4 

FAF4 B3 4A 

FAF6 30 DA FO 

FAF9 E8 

FAFA 30 EB 

FAFC 60 

FAFD 3* FA 

FAFF 00 10 «9 

FB03 30 FF OO 

tDC3 FT 

FB06 03 FF X 

FB09 CI DO DO 

FDOC CC C9 AO 

FBOF DO DB 
FBIl 

FBll C4 C3 CI 

FBI 4 FF C3 

FB16 FF FF FF 

FB19 

FBI' CI 06 D9 

FI1C DO D3 

FB1E AD 70 CO 

FI3I 

FB3I AO 00 

FB33 EA 

FB24 EA 

FB33 BD b* CO 

FB 38 10 04 

F83A C8 

F83B DO F6 

FBZD 66 



960 BTV SOFTEw p 

Ml JT# BABIC | 

963 NO* 1 1 J* fSOFTEVI 
3B3 tll l l l lll 6B66B »>MI 
38* PHBUP JS* APPLE II 

933 SCPC3 EOU • 



967 1 

-li, 

9B9 



:tfuf lda PtMCOH-li 



607 
606 

B0f 



633 
633 



B« ■RBU 
LDA «»CB 

STX LOCO 

SLOOP LD« 67 

DEC LOCI 
LDA LOCI 
CHP ••CO 
BEO FlxSEV . 
BTA NSLOT 

NfTBVT LDA (LOCOI. V 
Crl> DISKlD-1 
BNE 91. OOP 
OCV 
DEV 



■ "EC DSP «UST ORC »F( 
HE60SP JSR CPOUT 
S0DSP1 LDA ••43 

flT* AJ_ 

LDA ••OO 

BTA ASH 

L0« MFfi 

«DS»I LDA ••AO 

JSP COUT 

LDA RTBL-331. 

JS» COUT 

LDA MDC 

JB" COUT 

• LDA ACC«S. ■ 

Df ■ BB3. «4A 

J9B PBBvte 



FOR RESET 

AND DO THE COLD START 

. SOFT ENTRY VECTOR 



IS BYTE FTR 



FETCH A SLOT BYTE 
* I IB IT A DISK t* 
NO SO HEIT SLOT DOWN 



686 B11 RDBP1 

657 NTS 

638 PU9CON DW OLDBRf 

639 DFB BOO. »E0 



630 01B"ID 
s3: 

633 TITLE 

63* 

639 XLTBL 
636 
637 
636 

639 • MUST 
6*0 RTBL 

643 PREAD 
643 

6*4 

6*9 
6*6 

647 "BEADS 
6*8 



DFD «30. »FF. BOO, IFF 
DFD «03. »Fr. »3C 
DFB Ml. •DO. *D0 
DFB •CC.«C9.6A0 
DFB BOD.SDB 
EQU • 

DFB BC4. «C3> »C1 

DFB •FF. 6C3 

DFB »FF, «"F. BFF 

OHO BFBI9 

DFB «C1. BD6- »D9 

DFB *D0. BD3 

LDA PTRIO 

LST ON 

LDV 6600 

M3° 

NOP 

LDA PADDLO. I 
RTS2D 



MO 



I NY 
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M 

es *b 

AO SO CO 

AD 3« CO 

AD 31 CO 

A* 00 

FO OD 

AO 50 CO 

AD 93 CO 



■ m 
w 

PI 33 

FB3& 
SB3« 

FIX 
FB3E 



F846 
BD«» 
PMI 
FB4D 

FB*P 

FB31 
FB93 

nsa 

»IJT 
F|3* 
«B3B 

FD3D 
*86D 
'Bo3 
FB*3 
r&bB 
FBftfl 
FBftC 
FBftE 
FB»F 
F17S 
FD74 
FB77 
FB7B 
FB7B 

F87A 

F87C 
F87P 
FBBI 
F1B3 
F88S 



FBB& 
FflBF 

FB94 



FB«7 38 

FB«S « 3C FC 

f|«B AB 

FB»C B9 AB FA 

FB*F 50 97 FB 



1 1A 

83 22 



SO 36 PC 

ao oe 

8* 08 FB 

•* oe 04 



bp 

DO 18 
AC 00 CO 
10 13 
CO *3 
DO OF 

rc io co 

AC 00 CO 

10 FB 

CO 83 

FO 03 

2C 10 CO 

AC FD PB 



ra 



• BAT 
P8BI 
F8B3 
FSB4 
F8D9 
FflBO 
P8D7 



:- 

5TA 

M 

LDA 



LOr 
LDA 



13 KTMND St* 



■■00 

STATUS 
LORES 
LOHSCR 
TITBCT 
••00 
scTumo 
tktclr 
miibet 
clbtop 

■ ■14 

UNDTQP 
, MOO 
. yNDLFT 
I ■ • . 

. UNDWOTH 
I ••18 
. mnDBTh 

I M17 

> CV 



CLEAR TmC 6CR>. 



28 M BTITLE 

29 RIB 

30 6ETPMRC IDA aOFTEV»l 
3: EDR »A9 

33 ST A PWREDUF 

33 "TS 

34 V1DUAIT EOU • t 
39 CMP ••6D 

36 BNE NOUAJT . 

37 LD* K8D > 
3B B"L N0WA1T . 

39 CP* M«3 

40 BMC NOMA IT . 

41 BIT KBD5TRB 



. HBDWAIT 
■83 



CHEC" P0« A PAUSE 
Onlv when 1 have a i 
K)T SO. DO REQULAP 
IS REV PRESSED"' 



NO SO IGNORE 

CLEAR STROBE 
WAIT TILL NEXT HE* TO RESUME 

UAIT FOR KEVBBESS 



A7 MOUAlT 

48 

49 ESC OLD 



5 ED LEAVE IT 

I AS BEFORE 

SURE CARRV SET 



CPV l 

DEO NOMA IT 
BIT KBDSTRB I 
J* VIDOUT . 
PAOE 

sec ■ 

jrf ESCl 

TA< . USE CHAR AS 1NDCI 

LDA »LT8L-»C*. » I 'LATE IJ*H TO CDAD 
JSR ESC OLD I DD Th19 CURSOR HOT Id* 
AND OCT NEXT 
18 THIS AN N "* 
K OP OR EATER DO IT 

LESS THAN 1 7 
YES SO OLD WAV 



JSR RDMEY 

CM" MCE 

BCS ESCOLD I 

CMP MM 

BCC ESCOLD l 

CM" MCC 

DEO ESCOLD ■ 

BNE ESC NOW . 

NOP 

NB 
><o< 

NOP 

nor 



is ■ 
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FBBD EA 

FBBE EA 

(LIP' &A 

FBCO CA 
FBCI 

FBCI 46 



FBC7 85 29 
FBC9 68 
FBCA 2» 16 



F1C4 A9 OC 

FBEfe 20 AB t 
rut AD 30 < 



FWF 60 

FBFO 

FBFO A4 24 

FBFS 11 26 



FBFF BO EF 

FC02 IO EC 

FC04: C9 BO 

FC04: FO 3* 



73 NOP 

74 NOP 
73 MOP 

7* • nusr one •FBCI 

77 BASCALC PMA 

78 USF * 

79 Aim -i 

Bl ST A BASH 

B2 FLA 

S3 AMD »»1B 

B4 BCC BASCLC2 

■S ADC BB7F 

BA8CLC2 BTA BASL 

■7 ASL A 

M ASL A 

0* 0"A BASL 

90 ST A BASL 

91 RT5 

92 BELLI CW -• 

99 BNE FTS2B 

9* LDA «S40 

n J3» hah 

9ft LOT MCO 

97 BEU.2 LDA MOC 



JM i 



tIT 



> LDA BPHR 

I DCV 

BNE BELL? 

! KTS2B »T» 

I PAGE 

i STCKtADV LD» CM 

i BTA (BASL1.V 

1 ADVANCE INC CH 
LDA CH 
I CMP UNDWDTH 



110 FTS3 

111 VtOOUT 
112 



m 

CMP MAO 
BCS STQAADV 



FC32 90 CO 

FC34 FO DA 
FC36 69 FD 



130 1/TAB 

131 VTABI 

132 



CMC ■ i 

BNE BELLI 
DEC CH 
BPL »TB3 
LDA MNDUD'H 
BTA CM 
DEC CM 
LDA MNDTOP 

BCB BTS4 
DEC CV 
LDA CV 
JBF BABCALC 
ADC MNDLFT 
ST A BASL 

■ TS 

EDM MCO l 

Bid HOME 
ADC MFD 

BCC ADVANCE . 
BEQ BS 
ADC MFD 



IF SO DO HOME AND 

fBC -A OK B CHECH 
A. ADVANCE 

B. BACKSPACE 
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FC3C 


6* FD 


143 


ADC MFD • E 


FC3E 


90 X 


1*4 


BCC CLREOL 1 E 


FC40 


DO E9 


143 




FC42 


A4 24 


14ft C LB EOF 


LDV CH . El 


FC44 


*s as 






<C4a 


•B 


14B CLEOP1 




FC47 


20 24 FC 
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JSR VTABI 


FC4A 


20 9E FC 




J9R CL£(X-Z 


FC4D 


AO 00 




LD» ••00 


FC4F 




152 


•LA 


FCSO 




193 


ADC ••OO 


FC92 


CS 23 


154 


CHP HNDflTrt 


FCM 


•0 '0 


tn 


BCC CLEOP1 


FCS6 


BO CA 




BCB VtAB 


FC3B 






LDA UNDTOP 


FC3A 


B3 23 


t SB 


■TA ev 


FC3C 


AO 00 


: H 


LDV MOO 


FCM 


B4 24 


tftfl 


BT» CH 


FC60 


FO t4 


iftl 




FC65 




143 




•ce2 


A9 00 


163 cn 




'CM 


BS 24 






FCM 


£6 29 


IftS LF 


INC CV 


FCftB 


AS 2S 




LDA CV 


FCftA 


CS 23 


167 


CNP WNDB *" 


FCftC 


90 BO 


IftB 


BCC VTA8Z 


FCM 


ce 23 


169 


DEC CV 


FC70 


AS 22 


170 see ix l 


LDA HNDTQP 


FC72 


48 


171 




FC73 


20 24 FC 


172 


J5R VTAB 2 


FC* 


AS 2B 


173 SCRL1 


LDA BA5L 


FCTB 


BS 2A 


174 


ETA BAS2L 


FC7* 


A3 29 


ITS 


LDA BAfiH 


FC7C 




1 "*£ 


8TA BAE2H 


FCTE 


A4 21 


177 


LDV UNDUDTH 


f ceo 


69 


171 


OEV 


FCBI 


6B 




FLA 


Fcsa 


•9 01 






PCB* 


CS 23 


iai 


CUP UNDBT" 


FCB6 


BO OD 


:b; 


BCB 8CRL3 


Fcae 


48 






FCB9 


20 24 FC 


184 


JBR VTABI 


FCBC 


Dl 2B 


IBS BCRL2 


LDA ( BAIL 1 . V 


FCBE 


91 2A 


186 


STA <BAS2L)>V 


FC90 


BS 


187 


DflV 


FC91 


10 F9 


IBB 


DFL 8CRL2 


FC93 


30 El 


IB* 


■m 5CRL1 


FC9S 


AO OO 


190 SCRL3 


LD* ■•00 




20 9E FC 


1*1 


JZ* CLEDLI 


FC9A 


BO B6 


1*2 


BC5 VTAB 


FC« 


A4 24 


193 CLREDL 




FCV 


A9 AO 


194 CLEOLI 


LDA ••AO 


FC*0 


91 2B 


193 CLEOL2 


STA <BASl> • 


FCA2 


ca 


19ft 


IH1 


FCA3 


C4 21 


199 


CP* WNDWDTM 


FCAS 


•0 F9 


: N 


BCC CLE0L2 


FC*7 


to 


19« 


•TS 


'CAB 


n 


200 WAIT 


SEC 


FCA9 


4B 


201 MAI 13 




FCAA 


E9 01 


SOT WAITS 


BBC M01 


FCAC 


DO FC 


203 


BNE UAIT3 


FCAE 


6B 


204 


FLA 


FTAF 


E9 01 


(KM 


BBC MO) 


FCB1 


DO F6 


304 


BNE XAIT? 


FCB3 


60 


207 


■TB 


FCI4 


Eft 42 


208 NKTA4 


INC A4L 


FCI* 


DO 02 


209 




FCIB 


Eft 43 


210 


INC A4M 










FCBC 


CS 3E 


212 


CHP A2L 


FCIE 


A3 3D 


213 


LDA AIH 


FCCO 


E3 3F 




BBC A2H 


FCC3 


Eft 3C 


21S 


INC AIL 



1AR TO END V LINE 
IDT F. RETURN 
IB CLR TO END OF PACE 
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FCCT 
FCCT 

FCCB 

fcce 

FCDO 
•CD2 
•CD* 

• CO* 
•CD" 
•CD* 
•COB 
FCDC 
FCDC 
FCEO 
FCE3 

• CE3 
•CF3 
FCEB 
FCE* 
FCEB 
•CEC 
FCEE 

•CEF; 

•CF3 
FCF3 
FCF* 

FCF* 

• CF7 
FCFT 
FCFA 
FCFO 
FCFE 

FDOl 
FD03 

FDOl 

■007: 

•DO* 
•DOB 

FDOC 
FDOE 
FD10 
FD11 
FDI3 
FD13 
FD17 
FD18 
FOIB 
FD1D 
FDIF: 
FD3I 
•D3* 
FB2* 
FD38 
FD2S 
FD2S 
FDOF 
FD32 
FD3S 

FD3B 
•03A 

•D3C 
FD3E 

FD3D 
•DO* 
•0*0 
FD*3 
FD** 



20 DB FC 
DO FT 
*• FE 
10 FS 
AO 21 
» DB FC 



•3 2F 
89 2F 

co eo 



ti ; 



OC 36 00 
Eb 4E 

DO 03 
Eb 4F 
X 00 CD 
10 FS 
fl 26 



40 

20 OC FO 

20 A3 Ff 

20 OC FO 

CT 08 

FO F3 



*0 



AT FF 
■3 32 

BD 00 03 
20 ED FO 



223 
224 
223 

22b UHBI- 

227 
220 

32» XEROLV 

230 
231 

233 ONEDLV 



P9* 
237 
238 

23T IDtVTE 
240 RD8VT2 



BNE "TS4| 

INC AIM 

UTS 
PACE 

LD' «**B 

JS* 2ER0L< 
BNE HEADS 

adc tan 

CCE m^a;.- 

LDV mtsi 



233 
284 
= 

23* 

237 BDHEV 
238 

S3* 
260 

2*2 
2*3 
26* 

2*5 -(-!■- 

2** 
3*7 

2*8 REV 1*42 

2*T 

270 
271 
372 
273 

37* esc 

273 

27* KDCHAfl 

877 
378 
27T 
280 

281 NOtCB 
283 
283 
284 

an 

284 
287 



I MY 
DEV 

BNE IEKDLV 
BCC M*TAPE 
LDV ••32 
DC* 

BNE CEDL< 



LDV a«2C 



on 

LDA 
EON 

■PL 

ECU 

RTB 
LDV 
DM 
•MA 
AND 
DBA 
8TA 

PL* 



TAFEIN 

LABI IN 
HDD IT 
LASTIN 
LAST IN 
■*BO 

CM 



••3f 

••40 

(BASL > i 



CMULI 

FNDL 
KEVIN2 

Ml 

KID I MEAD ME 'BOARD 

KEVIN 

I BASL * ■ V 

■BD 

RBD5TBB 



JS1 EEC NEW 

JB" RDKEV 

CMP M'B 

DEO ESC 



JSC CDUT 

ha 

8ta invflu 
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FDS4 
FD36 
• 

■ rn.. 
FDSC 
FMf 
PBM 
' MS 
P"D*4 
FD67 
i DM 
PDM 
FMF 

n 1 1 

FDTT 
FB M 



fdtc 
•on 
riwo 
'DOT 

FDt»» 

F089 

FDQE 



ED99 
FD9C 
FD9E 

ro*o 

'DAD 

FDA3 
<"DA3 

FB*7 
FDA9 
FDAB 
FDAD 
«DAt 
FDD I 
RM 
FDDfi 



SO 3* FF 
£6 

DO 13 
A9 DC 
SO ED FD 
SO BE ' D 
A3 33 
SO EE FD 



01 SB 
C9 CO 
10 OS 
S9 Dt 
90 00 OS 
C9 BD 
DO DS 
SO »C FC 
A9 BD 
DO 3D 



AS 3D 
B5 3F 
AS 3C 
39 07 
DO 03 
30 *r ro 
A* AO 
SO ED FD 



FDBB BI 3C 



FDCO 
"DC3 
CDC 5 
'DC 6 
'DC7 
»DC9 
FDCA 
FDCB 
FDCD 
FDCF 
FDD1 
FDD 3 
FDD" 
FDD* 
FDD* 
FDOA 
FDDD 
FDDC 



SO DA Fp 



393 
393 
39* 
39> 
391) 

i>97 HOTCDI 
399 CANCEL 



MO 

BCC 



307 

300 NI TCMAf 

309 
310 
311 

31S CAPTST 



323 
323 I 
324 
329 
334 
327 
3SB 
329 ) 



333 
334 t 
335 
33A 

337 > 

338 I 
J3V 
340 



••9B 

CANCEL 
•■F8 

NOtCtU 
BELL 

NXTCHA* 
••DC 

COUT 
CBOUI 
PBOW' 

COUT 

: 



UM 
OR 

I H 



cnf ■•95 

BMC CAP T3 T 

LDa (BABLi- 

cup mmtO 

BCC ADO I 

amp ••DF 



LD> AIL 

-ISO C It out 
JS- P*NtYi 
LDV ••OO 
LDA *«AD 

COV' 



JSB P«AI 

LDA aft AO 

.'J" COUT 

LDA (AIL*. • 

JW PPQvlt 

J*m NKIA1 

bcc nooactw* 

RTS 



BHl'T 10 UPPEP CAW 



34B 

350 



337 POBtTE 

399 
MO 



PLA 

I tM 
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FDDF fO t! TD 

'DCS 60 

fK3 2* 0* 

FDE3 0« DO 

FDE7 CO DA 

FDEO 90 0? 



FDFO CO • 

FDF2 00 ( 

»D«« n : 

FDF6 B' : 

FDFO 48 

FDFO 20 I 

FDFC 66 

fdfo *« : 

FDFF oO 
FEOO 

FEOO C6 : 

FE02 FO ' 

FE04 C* 

FE07 CO | 

FEOO DO I 

FEOO A3 : 

FEOF 31 ■ 



362 

au 

364 PBME' 

3*3 P»MCl* 

3oo 

3*7 

368 



171 
aw 
UK I 
IS I 
382 ( 
383 

JB3 



ppme«: 

F-LA 

AND MOF 
OOA ••Dr> 
C«P ■•n* 

DCC COUI 
AOC M06 
-,■ ■ 
cup a»AO 

DCC COOT I 



JSA V1DWA1T . 
PLA 

LBV VBAVI 

Ml 

PACE 

oec rsAv 
CEO 'Are 
DCS 

DUE SETMDJ 

C«P ■»0A 

owe iai-p* 
STA r*)OC 
LOA A2L 

ST» (A3Li. * 

IMC A3L 

BNF BT53 



00 CHECH FOR PAUSE 



J03 SCTHODE l 



FE10 

FE IF 
FE20 
FE22 
FE24 
FC?6 
Ft 19 

FE39 
FE2B 
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SYMBOL TABLE 
(NUMERICAL ORDER) 



OOOO LOCO 
0022 WNDTOP 
0026 GBASL 
002 A QAS2L 

oo2D va 

0O2E FORMAT 
0030 COLOR 
0034 YSAV 
0038 KSUL 
003C AIL 
0040 A3L 
0044 A5L 
0047 VREG 
004F RNDH 
03F2 SOF TEV 
03FD NMI 
COOO IQADR 
C030 SPKR 
C053 MIXSET 
C057 HIRES 
C05B CI RANI 
C03F CLRAN3 
CFFF CLRROM 
FBOC RTMASK 
FB26 i I r .( ; 
FB36 CLRTOP 
PB56 GBCALC 
FB7F RThSKZ 
FBA5 ERR 
FBC9 MNNDX3 
FSF5 NXTCOL 
F926 PRADR3 
F940 PRNTVX 
F94A PRDL2 
F936 PCADJ3 
F9A6 FMT2 
FAOO MNEnfl 
FA62 RESET 
FAA3 NOF I X 
FAD A SLOOP 
FAE4 RDSP1 
FB11 XLIHL 
FB2E HTS2D 
FB4B SETWND 
FB6F SETPURC 
FB97 ESCOLD 
FBDO BASCLC2 
FBFO STORADV 
FC10 BS 
FC2B RTS4 
FC5B HOME 



FC76 SCRL1 
FC9E CLEDLZ 
FCAA WAIT3 
FLC9 HE ADR 
FCE3 WRTAPE 
FCFD RDBIT 
FU2F ESC 
FD62 CANCEL 
0001 LOCI 
0023 WNDBT71 
0037 OB ASH 
002D DAS2H 
002D PMNEM 
002F LAST IN 
0031 MODE 
0035 YSAV I 
0039 KSUH 
003D A1H 
0041 A3H 
0043 A5H 
004B STATUS 
0093 PICK 
03F4 PWREDUP 
03FE IROLOC 
COOO HDD 
C050 TXTCLR 
C054 LOWSCR 
C038 SETANO 
C05C SETAN2 
C060 TAPE IN 
EOOO BASIC 
FBOE PL0T1 
FB2B VLINE 
FB3B CLRSC2 
FB64 SETCOL 
F882 INSDS1 
F8A9 GETFMT 
F8D0 INSTDSP 
FBF9 PRMN2 
F92A PHADR4 
F94 1 PRNTAX 
F94C PRBL3 
F93C PCADJ4 
F9B4 CHAR 1 
FA40 IRQ 
FA6F INI TAN 
FAA6 PUHUP 
FAC7 NXT8YT 
FAFD PWRCON 
FB19 RTBL 
INIT 



FB3B 1ABV 
FD78 VIDUAIT 
FB9D ESCNDU 
FBD9 BELLI 
FBF4 ADVANCE 
FC1A UP 
FC2C ESC I 
FC62 CR 
FC8C SCRL2 
FCAO CLE0L2 
FCB4 NXTA4 
FCD6 WRBIT 
FCEC RDBYTE 
FDOC RDKEY 
FD35 RDCHAR 
FD67 GETLN? 
0020 WNDLF T 
0054 CH 
0028 BASL 
002C H2 
002E MASK 
002F LENGTH 
0032 INVFLG 
0036 CSUL 
003A PCL 
003E A2L 
0042 A4L 
0045 ACC 
0O49 SPNT 
0200 IN 
03F3 AHPERV 
0400 LINE I 
C010 K.BDSTRB 
C051 TXTSET 
C055 HI SCR 
C059 CLRANO 
C05D CLRAN2 
C064 PADDLO 
E003 BASIC2 
F819 HLINE 
F831 RTS1 
FB3C CLRSC3 
F871 SCRN 
F88C INSDS2 
F8BE MNNDX 1 
FBD4 PRN10P 
F910 PR ADR 1 
F930 PR ADR 5 
F944 PRNTX 
F933 PCADJ 
F961 RTS2 
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F9DA CHAH2 
FA4C I1REAK 
FAR 1 NEUMON 
FAA9 SETPC3 
FAD7 REGDSP 

psoa DISMD 

F IJ IE PHEAO 
FB39 SETTXT 
FB*»0 APPLE I I 

fobs kb dwa i r 

FBAS ESCNF.U 
FRE4 BELL 2 
FBFC RTS 3 
FC22 VIA0 
FdS CLREDP 
FC64. LF 
FL93 SCHL3 
F CAB MAI I 
FCBA NX TA 1 
FCDB ZERDLY 
FCEE RDBYT2 
FD13 HEVIM 
FD'JD NOTCH 
FD6A GETLN 
0021 WNDUDTH 
0023 CV 
O029 BASH 
002C LMNFM 
O02E CHKSUM 
002F SIGN 
0033 PROMPT 
0037 CGWH 
003B PCH 
003F A2H 
O043 A4H 
0046 XREG 
004E RNDL 
03F0 BRKV 
03F8 USRADR 

ovfb nauiT 

C020 TAPEOIT 

C093 MIXCLR 

C056 LORES 

C05A BET AN 1 

C05E SETAN3 

C070 PTRIG 

F800 PLOT 

F01C HLINE1 

F832 CLRSCR 

FB47 CBASCALC 

TB79 SCRN2 

F89B I EVEN 

F8C2 hNNDxa 

F8D0 PRNTDL 



F914 PR ADR 3 
F93B RELADR 
F948 PR3I.NM 
F954 PCADJ2 
F962 FMT1 
F9C0 HNEML 
FA59 OLDOfi* 
FA9B FIX5EV 
FAAB SETPLP 
F ADA RGD5P1 
FD09 TITLE 
FD23 PREAD2 
FB40 SETGR 
FB63 STITI E 
I P94 NOWAIT 
FBC1 BASCALC 
t UEF RTS2B 
TDFO VIDOUT 
FC24 VTABZ 
FC46 CLE0P1 
FC70 SCROLL 
FC9C CLREOL 
FCA9 WAIT2 
FCCB RTS40 
TCE2 ONEDLV 
FCFA RD2BIT 
FD21 KEVIN2 
FD5F NOTCH I 
FD71 BCKSPC 
FD7S NXTCHAR 
FD92 PRA1 
FD03 X AM 
FDD 1 ADD 
FOED COUT 
Ft 04 BLANK 
FE1I) SETMDZ 
FE36 VFY 
FE75 AIPC 
FE84 SET NORM 
FC8D INPRT 
FE9B IOPRT 
FEB3 BASCOHT 
FEC4 STEPZ 
FEED WRBYTE 
FFOA RD2 
FF3F RESTORE 
FF59 OLDRST 
FF7A CHRSRCH 
FFA2 NXTnS2 
FFC7 ZMODE 
FD7E CAPTST 
FD96 PRVX2 
FDB6 DATAOUT 
FDDA PRBYTE 



FDFO COUTl 
FEOB STOR 
FE20 LT 
FE5B VFYOK 
FE78 AIPCLP 
FEB*. SET IFLG 
FE93 5ETVID 
FEA7 IQPRT1 
FEB6 GO 
FECA USR 
FEEF WRBYT2 
FF16 PD3 
FF44 RESTRl 
FF6S MON 
FF8A DIG 
FFA7 GE7NUM 
FFCC CHRTBL 
FD84 ADDINP 
FDA3 XAMB 
FDC5 RTS4f 
FDE3 PRHEX 
FDF6 C0U1Z 
FE17 RTS5 
FE22 LT2 
FESE LIST 
FE7F A1PCRTS 
FE89 SETKBD 
FE95 OUTPHHT 
FEA9 IOPRT 2 
FEBF REQZ 
FECD WRITE 
FEF6 CRMON 
FF2D PRERR 
FF4A SAVE 
FF69 MONZ 
FF90 NXTBIT 
FFAD NXTCHR 
FFE3 SUBTBL 
FD8E CROL'T 
F DAD MODBCHH 
FDC6 XAMPM 
FDE5 PRHEXZ 
FEOO BL1 
FEI8 SETMODE 
FE2C MOVE 
FE63 LIST2 
FE80 BJETINV 
FEBB INPORI 
FE97 OUTPRT 
FEBO XBAS1C 
FEC2 TRACE 
FED4 WP1 
FEFD READ 
FF3A BELL 
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FF4C BAV1 
FF73 NXTITM 
FF9B NXTDAE 
FFOE TOSUD 



SYMBOL TABLE 
(ALPHABETICAL ORDER) 



003D A1H 
FE7F A1PCRTS 
0040 A3L 
0044 AM 
FBF4 ADVANCE 
003 A SAS2L 
0029 DASH 
FD71 BCKSPC 
FEOO DL1 
FC10 3S 
F9DA CMAR2 

0024 CH 
C059 CLRANO 
FC9C CLREOL 
FB3C CLRSC3 
FDED COUT 
FC62 CR 

0025 CV 
FBA5 ERR 
FB97 ESCOLD 
F9A6 FMT2 

0026 GBASL 
FD6A GETLN 
FCC9 HE ADR 
F019 HLlNE 
0200 IN 
FBB2 INSDS1 
COOO 10 ADR 
03FE IROLOC 
COOO KDD 
0O38 KSWL 
0400 L [NE 1 
0000 LOCO 
FE22 LT2 
C053 MIXSET 
F9C2 MNNDX2 
FF69 MONZ 
FAB1 NEWMON 
FD5F NDTCR1 
FF9B NXTBAS 
FD75 NXTCHAR 
FA59 OLDBRK 
FE97 OUTPRT 



F956 PCADJ3 
0O95 PICK 
F9I0 PRADR1 
F930 PRADH5 
FDDA PRDVtE 
FDE3 PRHE* 
FBDB PRNTDL 
0033 PROMPT 
03F4 PWRFDUP 
FF16 RD3 
FD35 RDCHAR 
FAD7 RECDSP 
FF3F RESTORE 
004F RNDH 
FB7F RTMSKZ 
F961 RTS2 
003C AIL 
00 3F A2H 
0043 A4H 
O045 ACC 
03F5 AMPERV 
FBC1 BASCALC 
EOOO BASIC 
FBD9 BELLI 
FE04 BLANK 
FDfe2 CANCEi- 
002E CHKSUM 
FCAO CLE0L2 
C05B CLRANi 
FC42 CLREOP 
FB32 CLRSCR 
FDFO COUT I 
FEF6 CRMDN 
FDB6 DATAQUT 
FC2C ESC1 
FD2F ESC 
002E FORMAT 
FB56 G8CALC 
FFA7 GETNUM 
C057 HIRES 
FC58 HOME 
FB2F INIT 
FB8C INSDS7 



FEA7 I0PRT1 
FA40 IRQ 
FD1B KEVIN 
002F LAST IN 
FE5E LIST 
0001 LOCI 
FE20 LT 
F9C0 HNEHL 
F8C9 MNNDX3 
FF*>5 HON 
03FB NMI 
FB94 NOMA IT 
FF90 NXT31T 
FFAD NXTCHP 
FF59 OLDRST 
C064 PADDLO 
F95C PCADJ4 
FBOE PLOT I 
F914 PRADH2 
F94A PRDL2 
FB IE PREAD 
FDE5 PRHEXZ 
FBD4 PRNTDP 
FD96 PRVX2 
FAA6 PHRUP 
FCFD RDBIT 
FDOC RDKEV 
FEBF REGZ 
FF44 RESTR1 
004E RNDL 
F931 RTSI 
FDFC RTS3 
FE7B AIPCLP 
0O3E A2L 
0042 A4L 
FDB4 ADDINP 
FB60 APPLE 1 1 
FBDO BASCLC2 
E003 BAS1C2 
FBE4 BELL2 
FA4C BREAK 
FD7E CAP T ST 
FF7A CHRSRCH 



l?4 



FC9E 


CLCOLZ 


rr3A 


BELL 


C05C 


5ETAN2 


C05D 


CLRAN2 


03F0 


BRKV 


FEB6 


SETIFLG 


CFFF 


CLRROfl 


19B4 


CHAR I 


FE1B 


SETI1DDE 


FB36 


CLRTDP 


FFCC 


CHRTBL 


FB6F 


SET PUR C 


FDF6 


COUTZ 


FC4fc 


CLEQP1 


002F 


SIGN 


0037 


CSMH 


C09P 


CLRAN3 


0049 


SPNT 


FF8A 


DIG 


FB3B 


CLHSC2 


FEOB 


STDR 


FBA5 


ESCNFW 


0030 


COl OR 


C060 


TAPE IN 


FA9B 


FIX5EV 


FD8E 


CROUT 


FEC2 


TRACE 


FB47 


GDASCALC 


0036 


CEUl 


FECA 


USR 


FBA9 


GETFM T 


F DO? 


DISK1D 


FE38 


vFvem 


FEB6 


GQ 


FB9D 


ESC NOW 


FB2B 


VLINE 


C055 


HI SCR 


F962 


FMT1 


FCA8 


WAIT 


F69B 


I EVEN 


0027 


D8A8H 


0022 


WNDTDP 


FE8R 


INPQRI 


FD67 


GETLNZ 


FEEF 


URBYT? 


FBDO 


INSTDSP 


002C 


HS 


FUA3 


XAMB 


FEA9 


I0PRT2 


FBIC 


HLZNE1 


FB11 


XLTBL 


C010 


KBDS1RB 


FA6F 


INI TAN 


0034 


VSAV 


FD21 


KEVIN? 


FE80 


INPRT 


fcac 


SCRL2 


002F 


LENGTH 


0032 


INVFI.U 


rc70 


SCROLL 


FE63 


LIST2 


FE9B 


IOPPt 


C05E 


SETAN3 


C056 


LORES 


FBB8 


HBDUAlT 


FE80 


SETINV 


002E 


MASK 


0039 


KSWH 


FE84 


SETNDRM 


FAOO 


MNEMP 


FC66 


LF 


FB39 


SETT XT 


FDAD 


M0D8CHH 


002C 


LMNEM 


FA8A 


SLOOP 


FE2C 


MDVE 


C054 


L0U5CR 


0048 


STATUS 


FAA3 


NDFIX 


C0S2 


MIXCLR 


FBFO 


STORADV 


FCBA 


NXTA1 


FBOE 


MNNDX 1 


C020 


TAPEOUT 


FFA2 


NXTBS2 


0031 


MODE 


C030 


TXTCLR 


FBF5 


NXTCOL 


07FB 


MSLDT 


03F8 


USR ADR 


FCE2 


DNEDLV 


FD3D 


NOTCR 


FBFD 


VIDOUT 


F954 


PCADJ2 


FCB4 


NX 1 A4 


FC24 


VTABZ 


003 B 


PCH 


FAC7 


NXTBYT 


FCAA 


WAIT3 


F800 


PLOT 


FF73 


NXTITM 


0O21 


MNDUOTH 


F926 


PR ADR 3 


FE95 


□UTPORT 


FEED 


WRBVTE 


F94C 


PRBL3 


F953 


PCADJ 


FDC6 


XAMPM 


FB25 


PREAD2 


003A 


PCL 


0046 


XREO 


FBF9 


PRMN2 


FD92 


PRA1 


FCDB 


ZERDL Y 


F944 


PRN1X 


F92A 


PRAPP ' 


FF4C 


SAV1 


C070 


PTPIG 


F94B 


PRBLNK 


FC95 


SCPL3 


FCFA 


RD2BIT 


FF2D 


PRERR 


C058 


SETANO 


FCEE 


RDBYT2 


F941 


PR NT AX 


FB64 


SETCOL 


FAE4 


RDSP1 


F940 


PRNTYX 


FE89 


SETKBD 


F93B 


RELADR 


FAFD 


pur<:<jn 


FAA9 


SETPG3 


FADA 


RGDSP 1 


FFOA 


RD2 


FE93 


SETVID 


FB19 


RTBL 


FCEC 


RDBYTE 


03F2 


SOFTEV 


FBEF 


RTS2B 


FEFD 


READ 


FEC4 


STEPZ 


FCCB 


RT54D 


FA62 


RESET 


FFE3 


SUB1BL 


FE75 


A IPC 


002D 


RMNFM 


FD09 


T1TLE 


0041 


AJH 


FBOC 


RTMASK 


C031 


TXT SET 


0045 


ASH 


FB2E 


RT82D 


002D 


V2 


FDD1 


ADD 


FDC9 


RTS4C 


FB7B 


VIDUA IT 


002B 


BAS2M 


FEW 


RTS5 


FC22 


VTAB 


f EB3 


BASCONT 


FC2B 


RTS4 


0023 


UNDBTM 


0028 


BASL 


FC76 
FB79 


SCRL1 
SCRN2 


FED4 


URI 



ITS 



FECD WHITE 
FPH3 XAM 
00*7 VREG 
FFC7 ZMODE 
FF4A SAVr 
F871 SCRN 
COSA SET AN I 
FP40 SETGR 
FEID SETHDZ 
FAAI! SETPLP 
FD4D SETWND 
C030 SPKR 
FU65 STITLE 
F B5B TADV 
FFOE TOSUB 
FC1A UP 
ft 34. VFV 
F826 VLIN6Z 
FCA9 UAI T2 
0020 WNDLFI 
FCDfc WRDIT 
FCE5 WPTAPE 
FEBO XDAIilC 
0035 VSAV1 

SYMBOL TABLE SIZE 
2309 BYTES USED 
33J1 BYTES REMAINING 



*5f2: Ihc manufacturer's name for the microprints* ir .1 (he heart nl ynur Apple 



Address: As 1 noun: ihc particular numhei associated with each memory Incation On Ihc 
Apple, an address k. a number bclwccn • Md (n SftHW and SI IT f hexadecimall Ah a 

verb: In relet to a particular memory location 

Bus: The set of wire*, ur lite -signal tin those wires, which carry ihc binary-encoded 
address from the microprocessor to the real ul Ihc computer 

\ddrcssinc mode: The Apple's 6592 micwproecssor has Ihiricen distinct ways ul referring to 
most locations In memory These ihlnceo methods nl lurmmg addresses are called addressing 
modes 

Analog: Analog measurements, as npp«>*cd Hi digital mcasuicments. use an continuously vari- 
able physical auaniity (such as length, voltage, or resistance! 10 represent sulucs. Dicjlal meas- 
urements use precise, limited quantities (such as presence or absence of voltages Of magnetic 
fields) to represent valuer 

AND: a binary function which is '•on" H and only i( all of Ms inputs are "on". 

Apple: I Ihc niuod fleshy I run of a Rosaceous tree (Cyrus Malus). 2 A brand of pUSOmJ 
compulei t) Apple Computer. Inc . manufacturer or home and personal computer*. 

ASCII: An acronym for the American Standard Code for Information Interchange (often called 
llSASCU" or misinterpreted as "ASC II") Tim standard «*A' assigns a unique value from 
HI l?7 to each of 128 numbers, letter*, special characters, und control characters 

Assembler: \> ttne who asscmhes clectionic or mechanical equipment. 2) A prusram which 
converls Ihc and nW*i/> of assembly language into the (ymfel and wnimh of 



Assembly language: A language similar in structure 10 machine language, hui made up ol 
HfWh "nd \\mM\. Programs written in assembly language are slightly less difficult to write 
and understand than prOgflUM in machine language 

BASIC: Acronym for "Beginner's All-Purnosc Symbolic Instruction Code" BASIC is a hmlut- 
U;rl IHVMK similar in structure to fOKTRAN but somewhat easier to learn. It was invented 
by Kemney and Kuit/ at Dartmouth College in and has proved to be Ihc most popular 

language Tor personal computer*. 

Binary: A number system with two digits, "•" and "I", with each digit in a binary number 
representing a power of two Mont digital computers are binary . deep down inside A binary sig- 
nal is easily expressed by the presence or absence of something, such as an decimal potential or 
a magneiie field. 

Binary f unction: An opcrahun performed by an electronic circuit which has one or more inputs 
and only one oulput. All inputs and outputs are binary signals See AM) OH. and h\tUiv\*-t>R 

Hit: A Binary Ji^ll Ihc smallest amount of information which a computer can hold A single 
bit specifics a single value: "•" or "I" Bus can be grouped 10 form larger value (see Wu. and 

Board: Sec Pi nihil t'iriuii Boanl 
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liiHiisiiap i"buol"l: In gel 11 system tunning from .■ mlJ uari The name comes fiom Ihe 
RUdlilW*! attempts in "pull nfl" ihc ■ - ■ i ■ ■ ■ ■ by tugging on lis own '" ■■■ ■'■ ■(- " 

BuhVt: A device 01 ma (4 memory which is used ID hold something, icmnnunly The "picture 

buffer" contains graphic tafonMion hi bo displayed on ihe video screen; the "input batter" 

holds a partially fofmed input line. 

Kin: An error A hanhnm- hiiK is a physical or ekeincal malfunction or desi|in eiror A *■/'"«'<' 
bun 's an errot In programming, either in the logic of the program or lypogiaprucal in nuiuie Sce 
* 'feature" 

Bus: A set ol wire* of /rarr'i in a computer which carry .i iclaicd set of data trom one place lo 
another, or the data which is on .such a bus. 

B)tr: A basic unit ol measure of a computer's memory A byte usual) comprises eight ftys. 

thus. II can have a value Irom t lo 255. Each character tn ihe 45(7/ CM be represented in one 
bile. The Apple's memory locations are all one byte, and the Apple's addresses ol' these loca- 
tion! consist of two bytes 

tall: As a verb to leave the program or subroutine which is currently executing and to begin 
another, usual) with the intent lo return lo the original program or subroutine As a noun an 
instruction which calls a subroutine. 

Character: Any aiupliv symbol which has a specific meaning to people Letters (both upper- and 
lowei-casei. numbers, and various symbols (such as punctuation marks! are all characters. 

( hip: Sec InliyralrJ OnUit 

Code: A method ol icpicscnting something in terms of something chc The ASCII code 
represents eharacteis as bmar> numbers, the BASIC language represents algorithms m terms nf 
program sUlemenis ('ode is also used lo icier lo programs, usually in faw-k-ivt fa'tviMcrv 

(ulrf-starC lo begin to uperalc a computer which has just been lurned on 

( ulor burst: A signal which color television sets recognize and convcrl lo the colored dots you 
see on a color IV screen Wuhoul Ihe color burst signal, all pictures would he hiack-and-while 

< omputtr: Any device which can rceicvc and sinrc a set of msin/tt,t>n\. and ihcn acl upon those 
insiruchons in a predetermined and predietahlc fashion The dclinilion implies that both the 
instruclion and the ikiia upon which ihe instructions acl can he changed A device whose instruc- 
tions cannot be changed is nol a computer 

I nntnil (CfRI l character: Characters in the ASCII character set which usually have no graphic 
lepicscntalion. but arc used to control various functions hoi example. Ihe RfcTCRN control 
character is a signal lo Ihe Apple that you have linishcd typing an mpui Itm- and you wish Ihe 
computer 10 act upon it 

CRT: Acronym for "Cathode-Ray Tube", meaning any television screen, or a device containing 
such a screen. 

Cursor: A special symbol winch reminds you ol a certain position on something Ihc cursor on 
j slide rule Ma you line up numbers, the cursor on ihc Apple's screen reminds you ol where you 
are when you are typing 
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Data (datum): Information of any type 
llt'buc: Fa Rftd hugs .mil eliminate them 

HIP: Acronym lor "Dual In-line hdnge", the mosi cpn w n op eoniuiner r* ir an Iniegratcd Cir- 
cuil 1)1 Ps have Iwa parallel runs of /unv spaced on »ne-ienlh ol an inch centers DIP* usually 
come in 14-. Ih-. IS-, 20-, 24-. and 40-ptn configurations 

Disassembler: A piog/am which converts ihc t/Rmkl Of "nt'iiuc tuntuuev li> the MMMMfci of 
mviwrVi Ihc opposite of an i/vvvnftA-' 

Display: As a noun: any MM of oulput device for . computer, usually a i'«Af screen As .i 
noun 10 place information on such . screen. 

i.iv ciinnn-lor: A suckel which males wuh Ihc edge of .i JviWfW riflM* hnW in order to 
exchange electrical signals 

K.nlry point: Ihc location used by a machine -language subroutine which contains ihc firsl e»c- 
culahle instruction m ihut subroutine, cunscuucntly. oflcn ihc beginning of ihc BthWHHaTW 

CxeusiiivOK: A bitury funelion whose value is "ofT" only if .ill of its inputs are "olT'. or all o( 
Us Inpuls ate "on". 

F.u-ciitp: tfl perform the micnlion of a CO mimn d or insiruetion Also, to run a program or a 
portion of a program. 

Fralurr: A Ai/eas described by the mar he ling department 

formal: At a noun: the physical form in which something appears As a vcrt> 10 specify such a 
form. 

Graphic: Visible as a distinct. recoBni'-ble shape or colnr 

liraphics: A sysiem lo display graphic items or a colleclion of such items 

Hardware: I he physical purls of a computer. 

II, ..i<lt, ••■■->■ A number system which uses the len digits through 9 and the lb Icilcr* A 
through I In represent vulucs m base It. bach hexadecimal dtgil in a hexadecimal number 
represents a power of lb In this munual. all hexadecimal number* arc preceded bv a dollar sign 
($), 

High-lrttl I anguage: A language which is mure intelligible lu humuns than it is to machines-. 

High-order: The mnsi imponam. or Hem with the highest vauc. of a set of similar items I he 
high-order hil of a byte is lhai which has ihc highest place value 

High pari: The MM**flfcr byte of a two-byte address In decimal, ihe high pari of an address is 
the quotient of ihe address divided by 256. In the 6582. as in many other microprocessors. Ihc 
high pan of an addles* comes lasl when ihat address is stored in memory 

Hi (Hrrl/): Cycles per second A bicycle wheel which makes iwo revolutions m one second is 
running ai 211/ Ihc Apple's microprocessor runs at 1,023.00011/ 
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I/O: See i"iMtiH)uiput 

ICl Sec tntivraini Cifiwi 



Input: A* j noun data which flows from Ihc outside world miu the computer As a vcrh In 
obtain data from ihc outsulc world 

liiput/liiilput ll/Ot: Ihc software i.r hardware which exchanges data wilh Ihc outsuk* word 

Instruction: The stnallesl portion Of ■ program th.il ,i computer CM execute In nStfJ machine 
language, .m mumi'lion comprises one. two. or Ihrce bytes, in a rugbcr-lcvcl language, instiue- 
lions may ho many Ch l Kten long 

Inti-gratcd circuit: A small Hess than Ihc sure of a fingernail anil ahuut as thin I wafer of a glass* 
material (usually silicon) into which has been etched an electronic circuit. A stogie IC can con- 
tain from len 10 len thousand discrete electronic components It's aiv usually housed in /)//*« 
(see abovel. and the Icrm IC is sometimes used to refer to both ihc circuit und Us paefcugc. 

Interface: An exchange of mlormation between DOC thing and anutner. or Ihc mechanisms 
which make such an exchange possible 

Inlrrprrlrr: A program, usuuly written in machine language, which understands and BXOCUIflU I 
higher-level language 

Intrrrupt: \ physical cllcct which causes the computer lo jump to a special intcrrupl-handlinp 
subroutine When the interrupt has been taken cute of. the computer resumes execution of the 
mlerrupicd program with no noticeable change Imenupls uie used lo signal ihc computer that a 
particular device wants attention 

K Stands for the greek ptefix "Kilo", meaning one thousand In common compulet-fcitcd 
usage, "k" usually icpiesents the quaniity 2 ,$ . or 1024 (hexadecimal WtWt 

kilobyte: i DZ4 bytes 

I -anguage: A computer language is a code which <hnpcfully!l both a pnigrammer and his com- 
putet understand I he programmer expresses what he wants to do m this code, and Ihe com- 
puter understands the code and performs the desired actions 

Line: On a video screen, a "line" is a hoti/onlal sequence of graphic symbols extending from 
one edge of the screen to the other To ihc Apple, an mpui Uw is a sequence of up lo 354 char- 
acters, lerminalcd by the control character RETURN In most places which do not have pcisonal 
computers, a line is something you wait in tu use the computer 

Low-level l.aneuagr: A /unguaiF which is more intelligible to machines than n is to humans 

Low-order: The least important, or item wilh the least vauc. of a set of items The low-order bil 
in a byle ts the hit with the least place vauc 

Low pari: The fun-order byle of a twii-byle address In decimal, the low part of an address is the 
remainder ol the address divided by ?So. also called ihc "address ■■-■./.... 256 " In Ihc 6502. us 
in many other microprocessors. Ihc low part of an address comes first when ihal address is stored 
in memory 

Machine lanuuagr: The lowest level language which a computer understands Machine 
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languapes .ire usually binary in nature Instructions in machine language arc single hvte of*ouV'> 
sometimes followed by various iiprraihb 

Memory addn-ss: A mcmnry address is a twii-hyic value which selects a single mcrmir) location 
oul <■' Ihe milium map Memory addresses in ihc Apple ate stored with their low-order bytes 
lirst. followed by Ihcir high-order bytes 

Mrnwn location: Ihc smallest subdivision nl the memory nup to which the computer van 
relcr Lach memory location has associated '■ -t unique i M fa hni and n certain tuftrr. Memory 
locations on ihc Apple comprise one byte each. 

Memory Map: This icrm is used 10 refer to the set ol all memory locations which the mtcropro- 
ccsor uh addicts diicctly U Is also used u> describe a graphic representation ol" a system's 



Microcomputer: A term used to described J computer which is based upon a nUcTOftfOCtMOt 
Microprocessor: An integrated circuit which understands and executes machine language pro- 

put 

Mnemonic: An acronym lor any other symbol! Mod in the place of something more difheul to 
remember In Aumtty Laitgwin; each machine language opcode is Riven a three Icitcf 
mnemonic (for example, the opcode Sh* is given the mnemonic RTS. meaning "Relurn from 
Subroutine"!. 

Mode: A condition or set of conditions under which a certain set ol rule* apply 

Modulo: An arithmetic function with two operands Mn/tthi lakes the fust operand, divides it by 
the second, and returns the lemairtder of the division 

Monitor: II A closed-circuit television lecetvcr. 2> A program which allows you in use your 
computet at a very low level, often with the values and addresses of individual memory location* 

Multiplexer: An electronic circuit which has many data inputs, a few selector inputs, and one 
output A multiplexer connects one of n« many data inputs to us output Ihc data input it 
chooses to connect to Ihc output is determined by the selector iipuls 

Unit: Sec \iuthpi, ui 

Syhblr: i ollouuial term (or hall ol a byte, or four hits 

Opcodr: A machine language instruction, numerical (often hmaryl in nature 

OB: A binary function whose value is "on" if at least one of us input* arc "on" 

Output: As a noun, data generated by the computet whose destination is the real work) As a 
verb, the process (dj generating Of transmitting such data. 

Page: |) A sereenlull ol information on a video display. 2\ A quantity of memory locations, 
addressihle with one byte On the Apple, a ' page" or memory contains 25ft locations 

Pascal: A noted llench seicmisi. 

ft board: See I'nnn J Cmwi thmrd 
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Peripheral: Something attached In the computer which is rml pail of ihc computer ilscll MoM 
periphcr als are input and/or output devices 

l'< i il ( timputrr: A cnmpulcr with memory, language*. juiI peripherals which jrc well-suited 

lor use In ■ home, office, ur school 

Pimiul: A JcstFiplion of (he (unction of each pin on an IC. often piescmcd in ihe form of .1 
ih.iiiMm 

Pntrnlitimvlrr. \n electronic component whose rcMsi.ime lo I he (low ol electron* is propor- 
tional tn the setting uf a dial or knob Also known as a "nol" or "variable resistor". 

Prinlnl ( I null Board: A sheet of fiberglass or eno*y onto which a ihin law of metal has been 
applied. Ihcn eichcd away In fium tram t.lectronic components can ihcn be allatehcd lo Ihe 
board wilh molten *otder. and the) can exchange electronic signals via the eichcd trace* on Ihc 
hoard. Small printed circuit boards aie often culled "caiuV'. especially If (hey are meant 10 con- 
nect wtlh edge «w/nnwrv 

Program: \ sequence of instructions whwh describes a process. 

PROM: Acronym for "ProstammaNe HcaJ-Onh Memory" A PROM 1* a ROM whose contents 
can he allered by electrical mean* Information in I'HOMs docs noi disappear when (he power is 
turned off Some PftOMl can be erased by ul(raviolc( light and he rcprogrammcd 

RAM: See Ramkm-Anvu Memory. 

Handum- \c(c*s Memory (RAM): This is (he main memory of a computer The acronym RAM 
can he used lo refer cither to (he integrated circuit* which make up this lypc of memory or the 
memory itself. The computer can store values in distinct locations in RAM and recall ihcm 
again, or aller and rc-slorc Ihcm if it wishes On the Apple, as with most small computer*, the 
values which arc in RAM memory are lost when the power to Ihe computer is lurned off 

Read-Only Memory (ROM): This type of memory Is usually used to hold important programs 
or data which musl be available to ihe computer when the power is fir*! lurned un Information 
in ROMs is placed there in the process of manufacturing the ROMs and is unalterable Informa- 
tion Mmd in ROMs doe* not disappear when the power is turned off 

Reference: 1 1 A source of information, such as this manual. 21 As a verb, the action of cramm- 
ing or altering the contents of a memory location. As a noun, such an action. 

Return: lo e,n a subroutine and gn back lo the program which called 11. 

ROM; Sec H.aJ Only Mrmvn 

Run: lo rolluw the sequence of instructions which comprise a program, and to complete the 
process outlined by the mstiuciions 

Scan line: A single sweep of a culhndc hcam acrow the (act of a , ai/iade-ray rube 

Schematic: A diagram which represents ihc electrical interconnection* and circuitry of an elec- 
tronic device 

Scroll: To mnvc all the test on a display (usually upwards! to make room for more (usually at 
the hotlomi 
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Soft switch: A iwo-posiiion swiich which tun be "thrown" either way hy the snllwaic of j com- 
puicr. 

Software: The tv"t'um\ which give Ihc hardware something m dp, 

Slack: A ■■ - 1 ■ area ■•■< memory which can he used In Mure information temporarily. Ihc 
information m a Hack Is referenced mil by addtess. bul In ihe order in which il was pbeed nn ihe 
stack The last datum which was "pushed" onto Ihe slock will he Ihe tusi one In he "popped" 
off il 

Strobe: A momentary .nil which indicates ihc occurrence of j specific event 

Subroutine: A segment of j program which can be executed by a single (all Subroutine* me 
used to perform ihc same sequence of instruction* >i many different places in one program 

Syntax: Ihc structure of instruction* in 1 given fativuapr II you make a mistake in entering an 
instruction and garble the syntax, the computer somciimcs calls this a "SYNTAX kRROR." 

Ted: Character*, usually letters and numbers "Text" usually refers to large chunks of Hnglish. 
rather than computer, language 

Toggle swiich: A two-position switch which can only Hip from one position In the other and 
hack j^ain. and cannot he directly set cither way. 

Trace: An etched conduchve p<iih nn a Prininl ('tnu>i AWJ which serves in electronically eon- 
nee 1 components 

Vidro: 1 1 Anything visual It Information presented on the face of a milnxlrnn iiihr 

Warmslarl: To restart the opcrjlion Of a compuier after you have |M control nf its language or 
operating system 

Window: Sfimclhmg out of which you pimp when the power (mis and you lose a large pn>gram 
Really: a reserved area on a ilnpht which is dedicated lo some special purpose 
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Here arc some olhcr publication* which you mighl enjoy: 



Sjncrlck/MOS Technology 6500 Programming Manual 

This manual is an introduction to machine anguay programming Tot rhc MC65H2 microproces- 
sor li describes the machine lanuaec operation of the Apple's microprocessor in meltculous 
detail Hnwcvcf, II contains no specific information about the Apple 

This book is available from Apple. Order part number All. 0003 



Symrlrk/MOS TCtfcPOtm 6*00 Hardware Manual 

This manual contains a detailed description of the internal operations of ihc Apple's 65»2 
microprocessor. It also has much information regarding interfacing the microprocessor to exter- 
nal devices, some of which is pertinent tu the Apple 

This hook is also available from Apple Order part number A2L0002. 
TIm Apple II MmIum r I 

This book contains a thorough, well-done description of the operating subioulinc* within the 
Apple'* original Monitor ROM. 

This is available from the author 

William E Dougherty 
I4J49 Son Jose Street 
Los Angeles, CA 91*45 



fiov.it m mint: the 6512 

This hook, written by Rodnay Zaks. is an eacellenl lulorul manual on machine and assembly- 
language programming for the Apple's 65S2 microprocessor 

This manual is available from Sybex Incorporated. 2020 Milvia. Berkeley. CA 44704 It should 
also be available at your local computer retailer or bookstore. Order book number C202. 

CM2 Applications 

This book, also written by Rodnay Zaks. describes many applications of the Apple's 6502 
m i croproce s&oi . 

This is also available from Sybex Order book number D302 



System Description: ihc Apple II 

Wnltcn by Steve Wozntak. the designer of the Apple computers, this article describes the basic 
construciion and operation of the Apple II 

This article was originally published in the May. 1977 issue of BYTE niaga/inc. and is available 
from BYTE Publications, Inc. Peterborough. NH .10458 
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SWKETI*: The 65« Dream Machine 

Also written by Sieve Wn/niak, Ihis article describe* the 5WEET16* interpretive machine 
language enclosed in the Apple's Integer BASIC ROM*. 

This article appeared in the October. 1977 issue of BYT8 maeazinc. jmJ is available from BY It 
Publications, Inc Peterborough. NH .WW5H 



Man (Mors f»r ymt \ppU- 

Ihis aitulc. written by Allen Watson III, describes m detail the Apple High -Resolution (iraphto 
mode Also included a a reply by Sieve Wo/niak. the designer of the Apple, describing a 
modification you can make to update your Revision Apple to add ihe i»n cuira colors available 
on the Revision 1 board 

Ihis stick appeared in the June, l°79 issue of BYTE maga/ine. and is available from 1YTC 
Puhliidlioas. Inc. Peterborough, NH 



( all APPI V i Apple Puei'I Suund Program Libran Lichangc> 

Ihis is one of the largest Apple user group newsletters For information, write 

Apple Puget Sound Program library F.schange 
6708 39th Ave. Southwest 
Se-iHe. Wash . «8IJ6 



Dm Odd Press 

This is another large club newsletter Tor information, wnic 
The Cider fan 

c/o The Apple Cote ol San Francisco 
BOX 4116 

Sun Francisco. CA MI0T 
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